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dooompose on ezposare to the air, fnmiBh kaolin, of which the 
finest china is made. 


NATURE OP BEDS AND LODES — IMPORTANCE OP STUDY 
OP OEOLOOT. 

To the inhabitants of the British Islands there is no industry 
that will compare in importance with that founded upon the 
substances which lie below the surface of the ^ound. Two 
articles — coal and iron — form tho very groundwork of our 
national prosperity, but there are many others which arc also 
worthy to be ranked as of first* 
class importance. Cornwall and 
Devonshire supply nearly all the 
tin ore raised in Europe. The 
slates of North Wales have a 
world-wide reputation. The salt- 
mines of Cheshire and Worcester- 
shire enjoy advantages over their 
Continent^ rivals in respect of 
their proximity to shipping ports, 
which greatly add to their com- 
mercial value. In the succeeding 
papers, which purpose to include 
not merely the ores of the metals, 
but the other mineral substances 
which are made to contribute to man’s comfort, it will become 
evident that these islands are, in proportion to their size, 
singularly rich in these articles. 

This might indeed be inferred from the fact that within the 
oomparatively limited area of the United Kingdom almost all 


present the appearance of a plain, and tho lower strata would 
be so far below the surface as to be practically unapproachable. 
The temperature of the earth increases at the rate of one degree 
Fahrenheit for about every fifty-five feet in depth ; so that tho 
increase of heat will infallibly prevent men from working below 
a certain depth ; some of the tin mines in Cornwall are indeed 
carried almost to their extreme limit in this respect, the tem- 
perature being so high as to render 
the mining operations very ex- 
haustive. 

The effect of the rise in tempe- 
rature may bo readily calculated. 
The first 100 feet from the surface 
are more or less subject to the 
changes of tho seasons ; but at 
about that point the temperature 
is uniform all the year round, and 
agrees with the mean temperature 
of tho surface. Let us take that, 
therefore, at 50^ Fahr. From that 
point downwards the increase is 
1® for every 65 feet; so that at 
1,660 feet from this point, or 1,760 foot from tho surface, wo 
shall have an addition to the temperature of 30®, making the 
temperature at that depth 80® Fahr. This measurement bears 
a very small proportion to tho thickness of the sedimentary 
strata composing the crust of the earth, which, if they occurred 
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the important geological formations, from the newest tertiary to ; 
the oldest primary sohists, are represented, and that in many ' 
places these have been upturned and pierced by eruptive rocks. 
The undulating or hilly snrfaoe, by which this country is dis- 
tingnished from many others, is the effect of geologic distur- 
bances which are highly beneficial to man. A level country is 
seldom rich in its mineral productions. 

Let ns take in order some of the principal grouiw of strata, 
oommenoiz^ with the newest, and see what useful substances i 
they contain. { 

I Briok clays, pipe-clay, septaria or cemenfe ; 

* ( stones, gypsum, coprolite, sand. 

. Chalk, briok clays, flints, fnller’s earth. 

Sand for glaee works ; gypsnm, clays. 

. ( Iron ores, alum ahalea, jet, cement etone, lime- 
. ( atone, clays, building stone. 

Salt, gypaom, brick days, building stone. 

\ Coal, limestone, fire-clay, oil ehales, limcetone, 

* ( aandstone, marble, zinc, lead, silver, baryta. 

Dxvomiam .... Tin, copper, arsenic, snlphnr ores, flag stones. 
SiLUBXAjr Limestone, lead, copper. 

CAmaxAir. .... Slate, zinc, lead, copper. 

In addition to these there are the eruptive rooks, such as granite ^ 
and serpentine, which furnish excellent building and ornamental j 
Some particular kinds of the former, which readily j 

27 — K.K. 
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in a complete series, would, it is estimated, extend to a depth of 
14 miles, or 73,920 feet. 

But this regularity soaroely ever happens in Nature; and 
there is no ground for the assertion that in any one particular 
spot all the known rooks are present, though of those which do 
occur the order of superposition is invariable. The Wealden 
and Trias, for instance, may be wanting in one place, the Creta- 
ceous rooks in another, or they may be only very slightly deve- 
loped; but the Cretaceous will never be found below the Oolite, 
or the Silurian above the Carboniferous. The various upheavals 
and subsidenoes whioh the omst of the earth has suffered, and 
whioh are represented by the hills and valleys, together with 
the subsequent denudation of the upturned edges, afford the 
opportunity of seeing at the surface in different parts of the 
country all the various strata, down to the very lowest of the 
series. Thus, for instance, in the annexed diagram (Fig. 1), whioh 
represents a section across the Denbighshke o(^-^d, about 
six miles in length, it will be seen that Wrexham stands upon 
the Permian rooks, that at A the ooal beds crop out at the 
surface, while at b the millstone grit, at c the mountain lime- 
stone, and at D the Silurian roolu are exposed. At A, there- 
fore, the miner can raise his coals at or near the surface ; and 
even at Wrexham, by a oalculation of the angle at which the 
ooal measures dip to the eastward, he can estimate with toler- 
able accuracy the depth to which he would have to sink through 
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the Permian rook® and the upper coal measores, before reach- workings become impossible, and then the operations resemble 
ing the isime l^ds of’ooals as are fonnd at A* mnoh more those of ^e m i n er. 

Sush .^ielos .aa doal, which always lie ik seams or beds The valae of slate is dae to a peculiarity in oertsin ;of the 
parallel ^to the piano of stratification, can thus bo readily older rocks-rand especially the argiliaoeous beds of the Cfem- 
traced through oonsideraMe tracts of country with a greater or brian series — which is termed cleavage. In order to explain this 
less degree of certainty. These calculations are Uable, however, novel feature lot us take Pig. 4, which may be supposed to 

to bo disturbed by faults, represent a gigantic block cut out of the mountain mass. The 
which are breaks in the con- parallel lines a A, b b, c c, etc., will represent the stratification 
tinuity of the strata through of the beds, a feature common to every sedimentary rock ; but 
some local disturbance, by in addition to these we find hero another regular series of 
which the seam may be sud- divisions cutting them at a considerable angle, represented by 
denly raised above or do- the linos D D D, B e, etc., which represent the plane of cleavage, 
pressed below its propor It is not merely at the intervals indicated in tho drawing that 
level. These are not infre- the rook is thus affected, but the whole mass is liable at any 
quent, and often cause great point to split in a plane parallel to the cleavage, so that it can 
trouble and expense to the bo divided into slabs of any desired thickness. It is remark- 
propriotors of the colliery, able, too, that the angle of cleavage remains constant through 
Fig. 2 will servo as an illus- extensive districts, although the strata within the same range 
tration of a double one. A A may be subject to groat contortions. The cause of this change 
and B B are the linos of fault in the aggregation of the particles of which the rook is com- 
by which tho continuity of the posed is very obscure, though it seems most probable that it 
seams of coal, c c and B D, may be due to heat or pressure, or both combined, especially as 
has boon abruptly broken in in many cases almost all traces of the original stratification have 
two places. Tho displaced boon lost, 
portion in this instance is raised abovo its proper level, and this In tho conrso of the succeeding articles, these geological 
would thoroforo bo termed an upcast fault. A displacement in features, which so greatly affect the operations of tho miner or 
the opposite direction would be a downcast. Sometimes a fault quarryman, will have to be treated in more detail. But before 
occurs singly, whereas in otlior districts a snocossion of them, closing those general remarks it may be well to point out more 
some up and some downcast, will bo mot with, breaking up tho fully how important is a knowledge of tho rudiments of geology, 
coal bod to such an extent as to prevent its being profitably as well os mineralogy, to all those who seek for wealth bolow 
worked. Tho surface ground often furninhos, as in the drawing, the surface of the ground. Were the authenticated instances, 
little indication t>f tho faulty character of the rock bolow, tho unfortunately, not too common, it wonld scarcely be believed 
portion which has been thrown up being more liable to donn- what fortunes have been wasted in a fruitless search after 
dation than the surrounding country ; and in like manner tho minerals in places whore it is impossible they could bo found, 
depression in tho case of a downcast fault is apt to get filled up. Bearing in mind the order of succession of the sedimentary 
Tho ores of tho metals, iron excepted, are not generally to bo rocks, we may illustrate this point by referring again to Fig. 1. 
found in bods conformable to tho stratification, but in what are The beds of coal in the Denbighshire coal-field lie in that part of 
termed lodes or veAns. The former term is more commonly tho coal measures which is shaded the darkest, and they crop 
applied to tho larger, and the latter to tho smaller. A lode may out at the surface at the part marked with the letter a. The 
bo described os a long, narrow cleft extending through the rock dip is seen by the section to be towards the east. A oompara- 
from the surface downwards, in general at an angle not very tively shallow pit will cut the coal anywhere between A and 
far from the porpondicular, and usually taking a course some- Wrexham, though at tho latter point the Permian rock wouldfirst 



whore near oast and west. These are frequently intersected 
by others running nearly north and south, cutting the former, 
thoroforo, at about a right angle, which are termed cross courses; 
they ore seldom so rich in mineral as tho oast and west lodes. 

Just as in tho faults which occur in the coal-fields, tho lode 
is often accompanied by a change in the level of the rock 
through which it passes. Thus in the diagram (Fig. 3) tho 
stratifioation on the side b will bo soon to lie lower than that at 
A, and the fissure cd not being straight the lode is neces- 
sarily of very unequal breadth, the curves of tho walls of tho 
lode oorresponding pretty closely, though thrown out of position. 
This is by no moans an unusual occurrence, and it ocoounts for 
the groat changes which frequently take place in tho size of 
lodes in mines. The form of tho fissure often greatly Effects 
also tho mineral contents. In mining language, the rook on tho 
side A would be colled the standing teall, and that at B the 
hwnging wall of the lode. 



The formation of tho fissures in which tho ore is deposited 
scorns to bo generally due to disturbances in the earth’s crust, 
Mbusod by tho extrusion of some igneous rooks from below ; the 
majority of suoh lodes being in the neighbourhood of masses of 
granite or other eruptive rooks, or where the sedimentary 
deposits have been much metamorphosed by subterranean heat. 
The processes in Nature’s laboratozy that have caused the clefts 
BO made to be filled with mineral matter cannot be satisfac- 
torily made out, as a similar result cannot be produced by arti- 
ficial means. O^e igneous rocks themselves do not oontoin the 
metal, though the richest mines in England are those situated at 
the very junction of tho granite with the clay dates of CSomwaJl. 

Slate and building stone generally occur in much greater 
massoB than either or the ores of the metals, and they are 
on that account rather quarried than mined, tho workings 
being usu^y open to the light of day. Such slate, however, 
as is^ suffioiently good in quality for the purposes of trade does 
nm in veins, and some of these lie at suoh an inedination, and 
penetrate so far into the bowels of the mountain, that open 


have to bo passed through. But if another adventurer were to 
sink a pit at any equal distance to the west of A — say at either 
B, o, or D, it is perfectly certain he wonld meet with no coal at 
all, however deep he might carry his explorations. He has 
begun at a point geologically below the coal, and every fathom 
he sinks is just so much farther from the object of his searoh. 

Some of the more recent strata oontain thin layers of an 
impure coal, rarely in this country of any commercial value. 
These have often led to the sinking ci pits, under the supposi- 
tion that the true coal would be found, thongh a study of 
the dip of the neighbouring strata would show that the Car- 
boniferous rooks must be so for below the surface as to be 
practically unapproachable. Thus there are borings for coal 
and deserted shaits to be found in many parts of the oountry ; 
at Winoanton and Kingsthorp in the oolite, at Lyme Begis in 
the lias ; at Tiverton in tho millstone grit, and in Herefordshire 
in the mountain limestone ; both rooks belonging to the Car- 
boniferous system, but invariably below the coal, as seen at B and 
0 in Fig. 1. At several spots in Wales these attempts have 
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hmi in the Sflurian, t> 5 and «t Bew^oy • been 

sunk in the Deronmn, wbiob ie adso lower in the eenee. 

Hbr ifl it in reepeot of ooal alone that snoh mietakee hare 
occurred. In Cornwall some of the most Tiduablo ores of 
copper used fonnerly to be thrown away as rubbish, the inferior 
ores only being recognised by the miner. In other parts^ of 
the country aino-blende has been wrought, while the oaJamine, 
a yery rich ore, has been entirely negl^ted. Iron pyrites has 
often been mistaken for gold. Thus, in one way or another, 
valuable produce has been lost, or money has been wasted in 
fruitless explorations. 

In considering the mineral products, and the methods of 
treating them, more in detail in the subsequent articles, it will 
often become evident how greatly their value has increased 
through improvements in iiie mining and metallurgio arts, and 
that many have been added to the list of valuable minerals, the 
worth of which was unknown before. 


OBJECT DRAWING.— I. 

INTEODUCTION. 

In presenting these lessons to the public, it is necessary to 
define their position in our series of Technical Loaaoiis, and to 
set forth the purpose they are intended to accomplish. 

The course, then, is designed to teach the elements of draw- 
ing as d> useful language, to elucidate principles which are of 
such general nse that by their application the student may be 
enabled to draw, not only the subject of the lesson, bnt numerous 
others of a similar character. 

A further purjKiso of the lessons is to encourage drawing 
from the object instead of from copies. We ore, of course, 
aware that beginners must necessarily copy drawings or printej 
that copying is an indispensable branch of the study, as by its 
means practice is obtained in execution and design ; and that 
from imitating the work of others, the student acquires expe- 
rience in drawing and manipulation. 

But these are only the means — not the result. When wo 
teach our children common writing, and expect them to imitate 
the exact forms of the letters, it is never intended that the end 
and aim of their lessons shall bo merely to copy other writing. 
We aim at giving them a knowledge of forms, by which words, 
the visible symbols of thoughts, may bo expressed ; and thus it 
will be clear that no system can bo a tme one which teaches 
copying only, without affording the necessary practice in draw- 
ing from the real subjects. 

This course of object drawing must not, however, bo supposed 
to compete with, or to take the place of, perspective proper. 
It is intexidod to be studied either before, or concurrently with, 
that subject, and it is believed that the system here laid down 
may interest students in the more severe course — that it may 
cause them to feel the wont of aocurato rules, in many instances 
where drawing by the eye must depend on judgment only; whilst 
the endless variety which object drawing affords must be a 
source of oontinnous pleasure to all. 

To those who have already acquired some knowledge of 
Practical Perspective, the study of Object Drawing will be found 
exceedingly useful, since by its means the scientific methods 
previously acquired may be applied, and they will be able in a 
bold and rapid mannmr to give correct representations of things 
around them, in the same manner that a knowledge of the 
rules of grammar enables them to give a well-worded written 
description. 

In order to make the course of lessons as complete in itself 
as possible, enough of the geometrical figures ore given to 
enable students to oonstruct the true forms with correctness ; 
80^' of the elementary rules of perspective are also repeated 
in order to show their ixxnnedmte applieatioii, and to explain 
how the appearance of objects becomes changed by their 
position iu' relation to the spootator. Perfeotion, in 
object drawing nan only oome from oate&d training in Geo- 
^try and Perspective; and any teaching whieh separates it 
from these, or implies that it is independent of them, is em- 
pirical. For the further working out of -the Tales thus briefly 
given the student is referred to the lessons on Penipeotiver 

In order to enable teachers to carry out the system here laid 
nown, a set of models might be 'specially arranged, so derigsed j 
os not only to serve for separate studies, but also capable of j 


being combined and grouped in an almost endless manner. 
Their size, t^, might be such as to render them useful in 
classes, enabling each student to make his observations as to 
form, light, and shade from his own point of view. 

Teachers are recommended to work out a simple perspective 
rendering of a model or group on the black-board; and in a 
subsequent lesson to set np the subject in a different position, 
to be drawn by the eye alone. This plan, since it shows the 
students the absolute importance of perspective, will not only 
increase their interest in pursuing their studies, bnt^also enhance 
the value of the lessons. 

The use of models may be further extended by tiie constant 
introduction of well-known objects, such as articles of household 
furniture, or domestio utensils, agfrioultural implements, and 
tools of every kind as subjects of study. Subsequently the 
pupils should be called upon to draw from memory, not only 
the subjects of recent lessons, bnt any they may have seen. 
The author has been enabled, in fact, by teaching the proper 
use of drawing, in oven junior classes, to write a brief narrarive 
on the black-board, and placing a dash under the leading nouns, 
to call on the pupils to draw them from memory — or, more 
properly, from imagination — and has found the plan so very 
snoooBsful that he advises teachers, with the greatest confidence, 
to adopt it, as not only is the knowledge possessed by the 
pupils drawn out, bnt habits of observation and study are 
cultivated and encouraged. 

With the view of aiding students who may not have the use 
of sets o£ models, or who may not have the opportunity of 
making them of wood, patterns will bo given from which 
the most important of the series may be made of cardboard. 
This in itself will be found good praotioo in the study of 
development. 

Thus, then, we are enabled to add another contribution to 
our series of Toehnioal lessons. Onr earnest endeavour bos 
been to make the instruotion clear and easily nnderstood, and 
in proportion to the success that attends onr efforts to attain 
these ends will be onr gratification. 

OP THE PEINCIPLES WHICH OOIDE DBAWINO PROM 
OBJKCl'S. 

Although we know that an object has in reality bnt one 
form, yet it will not seem the same to persons sending in 
different places, but its outline will vary with every move- 
ment of the beholder. This is called its ** perspective ap- 
pearance,” and as this is subject to constant changes, it is 
clear that, in addition to knowing the exact form, we must 
study the oanses of tho alterations in appearance resulting 
from tho different positions of the object, or from tho relative 
place of the spectator. 

It is not intended here to burden the mind of tho student 
with a number of rules, such being fully oluoidated in enr 
lessons on ** Perspective ; ” and therefore only such as are 
absolutely necessary to enable the beginner to sketch from 
simple objects in a correct manner will be given. 

We have, in our first lesson on Perspective, stated that ** tho 
moment we open onr eyes a flood of light enters, and the rays 
which pass from the surfaces of every object are thus oonveyed 
by the eye to the brain.” 

Since, then, wo see objects by means of light, it wUl be clear 
that if tho rays did not proceed from every part of such sur- 
faces, we shoidd see some portions and not others. Further- 
more, if the rays were not reflected in every direction, the object 
would be visible from some points of view only, and invisible 
from other points, no matter how near one might be to it. 

Now, it is evident that if a cube were placed in the middle 
of a room, and the students were seated around, all would see 
it; each might behold different sides, but every one would 
obtain soms view of the object. Again, if students were located 
in a gallery formed after the fashion of a flight of steps, and a 
cube were suspended midway between the ceiling and the floor, 
those on the lower steps would see the bottom of the object, 
those on the middle steps the front only, whilst the speotators 
on the highest seats woqld see the top. 

From this knowledge, then, which will be dear to all, we 
deduce the following principles : — 

1. ObjeciB am teen ly meant of taya of light iehiek proceed in 
atro^ht Unea, in every direcUont <md from every part of the 
viaible awrfaoea of the objects. 
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2. The mew obtained of <m obtject dejpende on the poaiiion of a \ c Q and d r are to be drawn ; and it will be evidrat that the 


tpeetator. 

If the eye bo above the object, the top will bo seen; if below, 
the bottom ; whilst the left or right side will become visible 
according to oircumatancos. 

The first consideration must be the height of the spectator in 
relation to the object. Let the student, then, ask himBolf, “ Is 


narrow ends of the shelves, i j, K L, m N, o P, being in the 
object parallel to the narrow end of the top and bottom, will 
converge to the point of sight. 

Now, on referring to the illustration, it will be seen that 
whilst the lines representing the ends of the shelves which are 
below the horisonW line — via., me N and o p — are drawn up- 



same time urging the student not to be content with the illus- 
trations here given, but to observe their application to all the 
objects by which he is surrounded. 

Let the rectangle a b c d (Fig. 1) represent the general form 
of the front of a case of shelves, and let m ir bo the horizontal 
line. It will then bo clear that the object to be represented is 
twice as high as the eye of the spectator, since the horizontal 
is drawn across the middle of the height. 

The spectator is supposed to bo situated on the right aide of 


ends, and doubly as long as they ore thick. 

The artisans to whom these lessons are principally addressed 
will have ne difBloulty in providing themselves with three such 
blocks, which may be of wood, stone, or plaster of Paris, etc. 
A very convenient size is four inches square by eight inches 
long ; but, of course, the principles about tc be explained would 
apply to objects of any size or proportions : for drawing pur- 
poses, however, the blocks should not be smaller than these. 

Place a model (1, in Fig. 3) on one of its long faces, with its 



the object, opposite to ps, which indicates the point of tight 
It will be evident, that whilst the horizontal edges of the 
case, A j> and b o, which form the top and bottom of the 
front, and also those corresponding with them at the back, are 
pmroXUl to the picture, the lines of the other edges are at right 
angles to a d and b o, and consequently at right angles also to 
the picture. To render these oorreotly, it is required to under- 
stand the following rule ; — 

AU Utw which in the ohgeet are at right emglet to the plane 
of the picture — that is, such as run directly from the spectator 
to ihs dietance^-^ust be drawn to the point of sight. 

This rule will at once give the dire^on in which the lines 


square end parallel to the edge of the table, bo. All its long 
edges, as a d and h c, will then recede at right angles to the 
square end which stands on a b. Place another block (2) so tiiat 
whilst resting upon one of its long sides, another is vertioal, 
and parallel to b o ; and, finally, plime the third block (3) on its 
end, so that the long face in the front, and the other at the 
back, may be upright, and parallel to b o. Ton will, of oourBe, 
remember that the rectangles 1, 2, 3 in Fig. 3 are called the 
plans of the objects. 

We will in our next lesson attempt, guided by the above 
figure, to draw these modela, as they appear to you from the 
position in which you are placed. 
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building construction— XIV. 

JOINTS IN TIMBER (continued). 

Fia. 125 Bhows another method by which timbers are “notched” 
on to each other. This is a very good system, for the upper holds 
as it were by a hook, which acts agoiMt a shoulder in the 
lower. The upper is thus prevented being drawn inward by 
weight placed upon it, and the lower is strengthened against 
any pressure which might tend to force it outward. 

Fig. 126 is a joint of a similar character, a dovetail being 
employed in this case, which in Fig. 127 is further secured by 
an additional shoulder. 

Figs. 128 and 129 ore methods by which the ends of timbers 
are firmly attached to beams or widl-plates on which they rest. 


THB CONSTRUCTION OP FLOORS. 

The assemblage of timbers by which floors are supported is 
called the “naked flooring,” and is of three sorts — single, 
double, and framed. 

Single Flooring consists of one row or tier of joists, bearing 
from one wall or partition to another without any additional 
support. On those rests the flooring boards, and to their lower 
edge is attached the ceiling of the room below (if there be any), 
either by means of laths or ceiling-joists.* These floor-joists 
rest upon a wall-plate built into the wall ; the brickwork of the 
wall should not quite touch the end of the joist, but should leave a 
small space all around the end ; this prevents any damp in the wall 
from spreading into the timber, and allows of a certain play of 
air around it. In bettor work, however, the ends of the joists 



The upper surfaces are shown as cut for the reception of an are gathered by wooden end- ties and iron tie-rods. Tlioso arej 
upper timber to further bind them together. drawn up by nuts, the joists being meanwhile shored up in the 

Fig. ISO is the Continental mode of constructing framed floor- middle, so that when this support is removed the joists may bo 
ing, and is here introduced in order to compare it with our stiffly braced. Another plan is to rest the wall-plate on project- 
system, which is explained and illustrated on the following ing corbels, by which means the ends of the joists do not enter 
pag^. Here A is the girder, b b the bridging-joists, and o the toe walls at all ; and thus any fracture, such as oriM 

floor-joists. from shaking, crowding, dancing, etc., is avoided. The wau- 

In this example it will be seen that the ceiling-joist, D, plates for basement-floors are best supported on short 
is not notched on the under surface of the binders, but is carried up from toe footings. Joists in single floors should 
inserted by a tenon and groove. The groove or slot being never be less than two inches, nor even as small as that where 
made longer than required, the ceiling- joist is placed slantingly it can be avoided ; and they should not be farther ^ apart^ than 
across between two binders, its ends being in the opposite en^ twelve inches from centre to centre. They *^^*7 be streng^exied 
of toe grooves; and by being struck sfi^ply and sufficiently by increasing their depth (which should not be less than nine 
with the mallet it is forced into its proper direction at right inches), and may be prevented from t'w^ting by putting a 
angles to the binding- joists. herring-bone truss between them (Fig. 133). This consists of 

Pi^. 181 and 132 show four different kinds of oblique ^ ^ 

mortises. The principles on which sudi joints are worked have *, Ceiling-joists are timbers of small scantling notched on to the 
been described. lower edges of toe joists, and to these the lathe are attached. 



6 


THE TECHNICAL EDUCATOR. 


pieoei of batten an inoh and a half thick and thr^ inches 
wide, or thereabontS) placed diagonally between the joists, to 
which they are nailed in the diagonal form shown. They should 
bo ranged in a right line, so that none of their strength may be 
lost, and those ranges should be repeated at interyals not ex- 
ceeding five or six feet. This strutting should be done to single 
flooring under any oiroumstanoes, as it adds materially to its 
firmness, and indeed to its strength, by making the joists 
transmit any stress or pressure from one to another. 

The strength of single flooring is materially affected by the 
necessity which constantly occurs in practice of trimming** 
around fire-places and vacuities. Trimming is the mode of 
Bi^>porting the end of a joist by tenoning it into a piece of 
timber running at right angles to it, instead of ruzming it on 
into the wall which supports the ends of the other joists ; and 
by this moans the placing of timber under hearth-stones is 
avoided. 

Fig. 134 shows the sectional elevation of this arrangement. 
The cross-piece a, called the trimming-joisi^ is united at both 
ends to the joists running the entire length 
or breadth of the floor by means of strong 
tenons ; and these joists, having to bear the 
weight of several which run into the trim- 
ming-joist, should be made stouter than the 
others ; and a briok aroh, B, called the trim- 
ming-archf should bo thrown across from 
the wall to tho trimming -joist, on which 
tho hearth-stone c may rest. 

Fig, 136 shows tho mode of 
preventing sound passing through 
floors. Narrow fillets, a a, are 


be unduly weakened by being mortised on both sides at the 
same place. 

The floor-boards are nailed either at one or both edges. The 
longitudinal joints, or those in the direction of the fibres, are 
either square (Fig. 137), ploughed and tongued (Fig. 138), or 
rebated and lapped over each other (Fig. 139). 

Ploughed and tongued and rebated joints may be used where 
the apartment is required to be air-tight, the heading joints 
being either square or ploughed and tongued. Sometimes, in- 
stead of a tongue extending all the len^, separate pins are 
used, called dowels, which run into holes in the next board. In 
square longitudinal-jointed floors it is necessary to nail the 
boards on both edges; but where the boards are dowelled, 
ploughed and tongued, or rebated, one edge only need be nailed, 
as the tongue or lapping is sufficient to keep tho other down. 

In the most common of flooring tho boards are folded 
together in the following manner : — Supposing one board abroady 
laid and fastened, a fourth, fifth, sixth, or other board is also 
laid and fastened, at suoh a distance as to admit of two, three, 
four, five, or more boards between the two, 
but which can only be inserted by force, as 
the breadth of tho opening must bo barely 
that of the aggregate width of tho boards, 
in order that the joints may be close when 
they are all brought down to their places. 
For this purpose, a plank (Fig. 140) may be 
thrown across the separate boards laid, which 
may be forced down by two or 
more men jumping upon ^ it. 
Pig 139. done, all the intermediate 

boards may be nailed down, and 



Pig. 187. Pig. 1381 




nailed to the floor-joists, 
and on those boards called 
sound-boards, 666, are fixed ; 

“P^Rffing,” which is aooarse 
sort of mortar, etc., is then 
filled in as at jp. 

Double Flooring^ a section 
of which is shown in Fig. 

136, consists of throe dis- 
tinct scries of timbers — viz., 
the binding, b, bridging (or 
floor), BE, and ceiling-joists, 

0. In this system tho binders are tho real supports of the floor; 
they run from wall to wall, and carry the bridging-joists above, 
and the ceiling-joists, c, below. Binders need not bo less and 
should not be more than six feet apart. The bridging- joists 
are notched down on to tho binders in the manner shown in 
Fig. 112; but in notching the ceiling-joists to the lower edge 
of the binder the whole notch must be tisken out of the ceiling- 
joist, as tho lower part of the binder must not in any way bo 
wounded or weakened. The details, as already given in relation 
U> sii^le floors are, of coarse, equally applicable to the system 


the operation is to be re- 
peated until tho whole is 
complete. In this system, 
which is called ** folded floor- 
ing,’* less than four boards 
are seldom laid together. 
No attention is paid to the 
hooding joints, and some- 
times three or four such 
meet in ono continued line. 

In dowelled floors, the dis- 
tances to which the dowels 
(or projecting pins) arc sot are from six to eight inches, generally 
one over each joist and one over each interspace. No heading 
joint of two boards ought to be so disposed as to meet the 
heading joints of two other boards, and thereby form a straight 
lino equal to the breadth of two boards. 

Laying down tho floor-boards is usually classed under joinery, 
but it is found more oonvenient to treat of this branch in the 
present section, in oonnootion with the oonstruotion of Ike floors 
themselves. 


a section of which has already been shown 
(Pig. 117), is oomposed of girders (g), bridging joists (b), floor- 
joists, and oeiling-joists. 

Qirder$ are laige beams, either formed of one piece or built 
up, according to the length required and the sise and str<mgth 
of wUoh timber oan be procur^. They are intended for longer 
keanngs than binders, and may be strengthened by trussing, as 
already shown in Figs. 100, 101, 108, and 104. To bo efficient, 
tho height of the truss should always be greater the girder 
Itself, and tho strength is increased by extending that height as 
the space or bearing increases, 

B%nd 0 re are made dependent upon the gftrdets by means of 
^uble tuk tenons. This mode of joining has already been 
iBustrated in Fig. 117. 

It must bo observed that the binders should not bo mortised 
into the girders opposite to each other, since the girder would 


AGRICULTURAL CHEMISTRY.— VII. 

BY CHAELES A. CAMEBON, PH.D., K.D., 

Professor ot Hygiene in the Boysl College of Surgemis, Ireland, etc. 

CHAP. Vn.— ON MANURINO AND NATURAL MANURES. 
As stated in a previous ohapter, it is practically impossible to 
reduce, by any system of tillage, fertile land ^to a state of 
barrenness. The food of plants is so abundant in soil and air, 
that it is beyond the power of man to diminish its amount, 
except to a trifling extent. In order, however, to maintain the 
soil in its highest degree of productiveness, the elements ex- 
tracted from it in the form of crops must be in great part 
restored in the form of manure. A natuzally good soil, oare- 
fully tilled but unmanured, will yield average fair crops for 
many years ; but good land, which is both properly ti]l^ and 
abundfmtly supplied with manure, alone yields nuaimum 
returns for the labour and materials expended upon it. 
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The laborione and long-oontinued experiments of Messrs. 
Lawes and Gilbert have given resolta which prove thi^ in 
wheat land of average quality the application of tricalqio or 
monocaloio phosphate (b^e phosphate and soluble phosphate 
of lime) frequently prodnoes little, if any, effect upon the 
growth of wheat That plant possesses an extensive root- | 
absorbing surface, and throws out its rootlets to a considerable | 
distance from its stem. It also, when sown in autumn, is 
enabled to ooUeot mineral matter from the soil during the 
winter and early spring. On the other hand, barley, which is 
sown in the spring, has less time to draw upon the reaouroes 
of the soil, and therefore it is far more likely to be benefited 
by the direct application of manures oouta^ng phosphates. 
Both wheat and barley, and the cereals generally, appear to 
be much more influenced in their growth by the application of 
ammoniaoal manures, than by that of phosphatio or alkaline 
compounds. Potassio silicate, believed at one time to be an 
excellent applioation to the cereals, on account of the large 
amount of silica or flint they contain, has been proved to have 
no effect whatever in strengthening the stems of those plants. 
The cereals, if well supplied with nitrogenous fertilisers, may be 
grown more frequently in the rotation than is usually the case ; 
indeed, they may be produced year after year without the 
interposition of other orops, but for the difficulty of keeping 
tho fields free from weeds. 

Most legtuninous plants — ^vetches, clovers, etc. — do not seem 
to bo much benefited, as a general rule, by the applioation of 
ammoniacal manures. Potassium salts ore, on the other hand, 
ahttost certain to stimulate the growth of those orops. Hie 
large leaf-surfaoo of all tho members of the Leguminosaa enables 
them to extract abundance of combined nitrogen from the 
atmosphere, and hence tho amount of ammonia in the soil 
often increases, instead of decreasing, during the growth of 
clovers and allied plants. In the rotation wheat should always 
succeed clover, because the latter crop will provide the former 
with nitrogenous matter, which is so in^pensable to tho 
luxuriant development of the oereals. 

Bulky organic manures (farm-yard manures, decomposing 
straw, and similar matters), and tho manufactured fertiliser 
known under tho term superphosphate of lime, produce 
marked effects upon root-crops— turnips, mangolds, etc. The 
natural grrasses grow luxuriantly if supplied with nitrogenous 
manures, and they are not to any important extent depefudent 
upon the use of bulky natural manures. Sodio nitrate gene- 
rally prodnees a powerful stimulative action upon the grasses. 
Potatoes appear to be far more benefited by the application of 
potassium salts (kaiuit, muriate of potash,'* and ^ kelp) than 
by that of ammoniaoal salts. In many oases the nitrogen of 
Bodio nitrate (nitrate of soda) is more effective when applied 
to potatoes than the nitrogen of ammonia. 

The manures used in this country are very numerous, and 
are derived from tho throe kingdoms of Nature. Wo cannot 
refer to all that are in use, for our spaoo will only permit us to 
describe tho more important ones. 

Farm-yard manure is the staple fertiliser cf tho British 
farmer, and in general all others are more or less supplemental. 
It is composed of the Uquid and solid excreta of various animals 
commingled with straw j but it oooasionally includes ashes, turf, 
mould, leaves, and all IdiidB of houso rubbish of an organic origin. 
Its composition varies very much, and depends to a great 
extent upon the care with whioh it is preserved. Some years 
ago we made four analyses of farm-yard manures, and the 
following wmre the results at whioh we arrivod : — 


Water . 

No. 1. 

No. 2. 

No. 3. 

Nc.4. 

73*22 

64*12 

65*22 

69*14 

Oxganio matter 

21‘17 

29*28 

28*14 

24*21 

Containing ammonia free, in com- 1 
bination with acids, and latent 

I* (0*150) 

(0*784) 

(0*550) 

(0*612) 

Triesloio phosphate 

1*78 

1*75 

1*88 

1*64 

Alkaline salts 

1*30 

1*09 

1*86 

0*94 

Oalcium and magnesian oomponhds 

1*38 

1*82 

1*24 

2*12 

Sihoa, oxide of iron, etc. . , . , 

1*20 

1*94 

1*66 

1*95 


100*00 

100*00 

100*00 

100 00 


No, 1 was oompoaed chiefly of the solid exoretian of the horse 
and cow, the liquid excreta ^ying been allowed to drain away, 
and most of the soluble portion of the xnamure having been 
out by rain. Nos. 2 and 3 were composed of the solid 
and liquid excrement of horses and cows, and as they had been 


properly preserved, the amount of ammonia was high. No. 4 
contained some pig manure in addition to that derived from 
horses and oxen. It was carefully preserved under cover, and 
its proportion of ammonia was alro large. 

The oomposition of the exoreta of the farm animals is shown 
in the following tables : — 

COMPOSITION OP THB SOLID BXOBETA 07 THB ANIMALS 07 
TUS FABM. I 

1,000 ports contain — Home. Cow. Sheep. Pig. 

Water 760 850 640 700 

SoUd matters -230 150 360 220 

Containing nitrogen equal to ammonia . 6 8*5 6 7 

,, phosphoric acid equal to 

phosphate of lime ... 8 6 5.8 

AlkaUne salts 8‘5 2'20 3 5*5 

COMPOSITION (PEB 1,000 PARTS) OP THE LIQUID EXCRETA 
OF THE FARM ANIMALS. 



Horse. 

Cow, 

Sheep. 

Pig. 

Water . 

. 900 

920 

900 

975 

Solid matter 

. 100 

80 

100 

25 

Containing nitrogen equal to ammonia 

. 14 

9 

14 

3 

„ alkaline salts .... 

. 14 

16 

10 

8 


The amount of phosphoric acid is very small in the liquid 
excrements, varying from a traoo to about 0*1 per cent, in tho 
case of horses, oxen, and sheep. In pigs* liquid exorota it 
amounts to from 0*75 to 1*5 por 1,000 parts. 

The oomposition of the exoreta of the farm animals is very 
variable, and is greatly influenced by the nature of tho animal's 
food, and other conditions. Two specimens of the liquid excre- 
tion of tho shoop whioh I analysed (see Gardeners" Chronicle for 
March, 1660) gave the following very different results : — 


Ko. 1. No. 8. 

Specific grayity 1045 1014 

Water 87*16 95 *88 

Urea and undetermined .organic matter . . . . 9*38 2*95 

Yielding by combustion with soda— lime, 

ammonia . . . . (3*20) (0*85) 

Inorganic mattexSt chiefly alkaline salts . . . 3*46 1*17 


100*00 100*00 

No. 1 had been obtained from a shoop highly fed," and 
No. 2 from a sheep poorly fed. 

The solid manure of the horse is yory valuable. It decom- 
poses rapidly in the soil, whioh becomes thereby sensibly warm. 
It is, therefore, properly termed by fanners a hot manure. On the 
other hand, cow mannre is cold, beoause it long resists decompo- 
sition. Owing to the coherent, pasty oharacter of this manure, 
it is difficult to distribute it equably throughout the soil. Sheep 
manure is nearly valuable as that furnished by the horse, 
but it does not decompose so readily. The manure of the pig 
appears to vary more in composition, probably owing to the 
omnivorous nature of the porcino species, than that of the other 
three animals above referred to. It is a cold manure, and is 
pasty and tenacious. Its oomposition indicates that it is 
capable of greatly enriching the soil, and on the Continent it is 
held in grreat repute amongst the farmers. For my pa|;fc, I 
should prefer horse manure to it. 

Tho best position for the manure heap is on level ground, for 
if placed on a sloping site the drainage from it soon diminishes 
its value, and if it be deposited in a hollow its base soon 
becomes rain-water. A paved site is desirable, as soft soil 
absorbs valuable soluble matters from the manure. The larger 
the heap is the less it loses by the influence of sm, air, and 
rain, ^e common practice of allowing the manur^ to remain 
in small heaps is most wasteful. When the heap, |iarge and 
compact, very little loss is sustained by evaporation but heavy 
rams dissolve and carry away some of the soluble matters. This 
loss may be averted by surrounding the base of the manure 
heap with earth or peat mould, and when the latter beoomes 
saturated with the fertilising matters it may be toown up on 
the top of the heap. A stratum of fine earth or 'peat-mould a 
foot in depth consrituies an excellent foundation for the manure 
heap. Farm-yard manure may bo spread over the field a long 
time before it is aotually required. Under such oiroumstonoeSi 
it loses little, if any, of its fertflising ingredients, as the boU 
absorbs and retains them. 

The treatment of liquid manure is a point of oonsidemble 
importance ; but we sbill postpone its consideration until we 
come to treat upon the subjeot if liquid sewage. 
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WEAPONS OF WAR— VIIL 

Ttt AXf OmOBB 07 TKB BOTAL ABTlUiBBT. 

QEEAT OTJKS AND THEIB PKOJECTILES (oontiniMd). 

Ik our last paper we treated of smooth-boro ordnance, and of 
the varions natures of shot which are used with the same — 
BoHd, steel, chilled, hollow, ease, and gfrape shot. 

We pass now to the consideration of the second ^oup of pro- 
jectiles, Shells. There are two gn^eat classes of shell — Common 
shell and Shrapnel shell. The common shell, for smooth-bore 
i^uns, is a hollow sphere of cast-iron filled with powder and 
fitted with a fuse, which is so arrangred as to explode the shell 
either at a particular time after it has left the grun, or when 


A secondary use of the common shell is to act much as the 
Shrapnel acts — viz., to burst somewhat in advance of the objeot 
fired at, when the fragments, continumg their fiight, spread 
out and act in the same way as a charge of case or gprape. But 
this is to be understood as distinctly a secondary use of common 
shells; for in this case the large bursting charge which the 
shell contains is in a great measure thrown away. Indeed, it 
may be said to detract from the efficiency of ^e projectile, 
because it blows a number of the fragments sideways, and 
arrests the progress of others. 

But this brings us to that class of shell which is specially 
intended to act in this way — Shrapnel shell. The first idea A 
these important projectiles was conceived by General Shrapnel, 


it strikes agi^st some hard object. A shell is, in fact, a small of the B<^al Artillery, at the siege of Gibraltar, in 1781. The 
mine which is transferred by the power of a gun to any spot gnins were firing at a range beyond that of case or grape, and 
where its effect may be required to be produced : it has bwn some effective direct fire was made with common shell fired 
called a “ flying mine,** and the effect, it will bo observed, ! from 24.four pounders with large charges of powder. The 


is really independent 
of the gun. That 
is to say, a common 
shell, if deposited on 
a pai^cnlaff spot by 
hand and then fired, 
would cause almost 
as much destruction 
as if it had boon shot 
on to that spot from 
a gun. This, at least, 
is the primary appli- 
cation of a common 
shell, and it is ono 
which it is important 
to appreciate, bo- 
cause it constitutes 
the leading distinc- 
tion between shells 
of the common and 
shells of the Shraptiol 
class. It follows 
from the above, that 
a common shell act- 
ing as a mine is espe- 
cially dostructivo 
against tho mati^riel 
of an enemy. It de- 
stroys his parapets ; 
it blows down his 
walls and defences; 
it carries destruction 
into his towns and 
villages ; but, be- 
yond and above all, it 
is especially terrible 



projectile’s velocity 
was very gpreat, and 
tho loss to the enemy 
was oonsiderable. It 
then occurred to 
General Shrapnel 
that if ho were to fill 
these shells with 
musket and carbine 
balls, reduoing the 
bursting charge to a 
minimum^ consistent 
with the opening of 
the shell, and increas- 
ing the firing charge 
to a moaamum, ho 
would be able to pro- 
duce a still more de- 
g. 2. struotivefire. Inthia 
change we note the 
distinctive differ- 
onoe, which cannot 
be too clearly ap- 
preciated, between 
common and Shrap- 
nel shell — ^viz,, the 
difference, that while 
tho former depends 
upon the explosive 
effect of its own 
charge, the latter de- 
pends upon or derives 
its effect from the 
charge of the gun. 
A high velooity is 


2S ospooiAlijp* torrxbio ^ noi/ hbcmsutv in tiiA 

when it can bo intro- ^8^* 8»ction of diaphragm shrapnel shell, with fuse complete. Fig. 2. ^ ^ ™ 

1.1 l-i -—SECTION OIT 'DTAPWRAnM' H'HRAPNWT. cm-nT.T. TirT'PTinTT'r ’BTrT.T.w'ra TTin. 51 


tial in the second. 


duoed into his ships. —section of diaphragm shrapnel shell, without bullets. Fig. 3.— tial in the second A 

Shots are more skeleton frame op ground light ball. Fig. 4.— ground light ball Weburstmuch^im 

dreaded by the sailor complete. Fig. S.—sbction of ground light ball. essential in the 

^an any other pro- ^ firat case ; it is not 

jeotile, and naturally so ; for tho bursting of a shell in the only not essential, but absolntely prejudicial in the second. The 
confined space between the decks of a vessel is destructive original Shrapnel shell, as dosigrned by General Shrapnel, was, 
alike to men and material ; it blows tho former to pieces, it in foot, a thin common shell filled with bullets instead of 
destroys and sets fire to latter, and it causes oonf u- powder, and having only so much powder inside among the balls 
sion and terror by its noise and smoke. Tho following as would suffice to open the shell. The objeot of making 
passagei whioh gives a “ realised epitome ** of shell effects the shell as thin as possible was, first, that it might contain 
on board ahip, bu been often quoted, but may be hero fitly as many balls as possible ; secondly, that a very small bursting 
reproduced. It is an account of the fight between the iron- charge might open it. lliese projectiles were first introdnoed 
clad Merrimac and the wooden ship Congresa : — “The first about the year 1803, and were used at the battle of Vimiera 
ahell that burst within the Congress killed every man at in 1808, and at other actions during the Peninsular war, with 
the nearest gun ; another and another burst among the crew, an effect to which the French, against whom thqy were fired, 
and the ship was soon a alanghter-house. Operations were now bear ample though unwilling testimony, 
out of questioii. The wounded were in crowds horribly cut np. The a^on of the shell is as follows : — It leaves tho gun like 
Tho ship, too, was on fire ; tho shells had kindled her wood- any other spherical projectile, travelling to the point at whioh 
work in various placet. Nearly all tho guns wore dismounted, the time-fnse has been set to explode it — ^which ^ould be a 
the bulkheads blown to pieces, handspikes and rammers short distance in front of the object aimed at. When it arrives 
shivered, and tho powder-boys all killed. Everything was in at this point, if the action of the fuse be satisfactory, the shell 
fragments, black or rod, burnt or bloody. This horrible scene will be opened, and the bullets and fragments will “ oonthma 
lasM about an hour and a half, and ^en she stmok.” Thia their forward oonrse with a communicated velocity equal to 
vmd description was given by an eye-witness. that of the shell at the moment of fracture, and desoribisg, as 
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th^ slightly disperse, *a onrved cone, the apex of which is at plan formerly adopted — namely> ** strapping” on the bottom 
the point of explosion/ ” The Shrapnel shell thns acts as ease with tin “ straps.” 

or grape at distances beyond those at which case and ^pe can We have now treated of shot and shell. There remains a third 
be effectively employed. The Shrapnel shell has practically the class of projectiles to speak of — incendiwry prcijecHles. Of these 
effect of carrying forward the muzzle of the gun to within such there are six — ^viz., red-hot shot, Martin’s shell, ground light 


a distance of the enemy as will enable a case- 
dre to be delivered. Actually the muzzle of the 
gun is, of course, not advanced ; but practically 
this is what happens, for the breaking up of the 
projectile, which with case occurs at the muzzle, 
is postponed until the projectile arrives within 
a short distance of the enemy. Indeed, when 
Shrapnel shell were first introduced, they were 
oalledbyaname which exactly describes them — 
” spherical case shot.” The present name was 
not adopted until many years afterwards, as a 
compliment to the inventor. Since the first in- 
troduction of Shrapnel shell, some important 
improvements and modifications have been 
adopted. It was found that the shells some- 
times were broken up by the shock of discharge, 
due to the friction of the powder between the 
balls. To obviate this it was necessary to sepa- 
rate the powder from the balls, and this was 
done by introducing into the existing store of 
Shrapnel a tin cylinder, which occupied the 
centre of the shell, and contained the bursting 
charge. These shells were known as ” improved 
Shrapnel,” and they have only recently disap- 
peared from the service. When new shells had 
to be made, General (then Captain) Boxer, B.A., 
proposed a different arrangement. He pro- 
posed to separate the bursting charge from the 



Fig. 6 . — PAEACHUTB IN ACTION. 


balls, par^hute light balls, and smoke balls. 

Bed-hot shot are merely ordinary cast-iron 
shot heated to a ” wafer ” red heat and fired, 
with reduced charges, against wooden shipping 
or any combustible material. It is necessary 
to fire them with reduced charges, because the 
expansion of the shot, by reducing the windage, 
increases the strain upon the gun, and because 
red-hot shot are reqmred to lodge in the 
object fired at, and not to pass through it- 
These projectiles were used with great effect 
and on a large scale, at the siege of Gibraltar 

Martin’s shells have, in a great measure, re- 
placed red-hot shot; although both descriptiona 
of projectiles have lost much of their original 
value, in consequence of the substitution of 
armour-plated for wooden vessels. Martin' a 
shell, so called alter its inventor, consists of 
a thin spherical cast-iron sheU, with an interior 
lining of loam ; shortly before use the shell is 
filled with molten iron. In order to ensure 
the breaking-up of the shell on striking an ob- 
ject, the sides are made thinner than the top 
and bottom. The loam lining, being a good 
non-conductor, serves the double purpose of 
keeping the iron in the interior hot and the ex- 
ternal shell cool for a longer time than would be 
•possible if there were no such lining. The shell 


bullets by enclosing it in a small chamber formed on one side of is intended to bo fired against an infUtmmable object — such as a 
the shell, by the insertion of a wrought-iron plate or “diaphragm.” wooden ship. The shook of concussion breaks the shell, and the 
The accompanying drawings (Figs. 1 and 2) show the construe- molten contents are scattered about, setting fire to everything 
tion of the “ diaphragm Shrapnel shell.” combustible upon which they inay fall. Those shells were con- 

The advantage of placing the bursting charge at one side, in- sidored by the committee which introduced them to poBsess 
stead of in the centre, was that it avoided the excessive disper- greater incendiary power than red-hot shot. On the other hand, 
sion of the balls at the moment of rupture. But in order to ensure there is a certain amount of trouble and inconvenience involved 
the proper opening of the shell, it was necessary to provide it with in the preparation of the liquid iron. But when these difficulties 


internal grooves, or “lines of least 
resistance,” down which the powder 
would act. The powder is introduced 
into the chamber through a small 
loading -hole, and the fuse com- 
municates with- the powder in this 
chamber through a small fire-hole in 
the brass socket. To prevent the 
bullets from conglomerating under 
the shook of discharge, they are made 
of hardened lead, and have coal-dust 
shaken in between them. Such is 
the diaphragm Shrapnel shell for 
smooth-bore guns. We shall see 
hereafter how General Boxer has suc- 
cessfully appUed the principles of 
this construction to the Shrapnel 
shell for rifled ordnance. 

It will be observed that the shell 
in our drawing is fitted with a wood 
bottom, riveted on. All shells are 
fitted with one of these bottoms, or 
“ sabots.” They serve the doable 
purpose of presenting the right side 
of the •hell-~t.s., the side away from 
the fuse — to the charge, and slightly 
diminishing “windage” (the space 
between the shell and bore), and thus 
reducing the escape of ^ and the 
tendency of the projeoWes to nco- 
cM along the bore. With bronze guns it was necessary to pro* 
vide the shot, as well as the shell, with these bottoms, because 
otherwise a bounding movement of the shot became established, 
the speedy destruction of the gun, and to the almost imme- 
diate destruction of all accuracy of The method of attach- 
*n^t adopted for these bottoms— an expanding copper rivet 
^is sisqple and ingenious, and a great improvement on the 



Fig. 7. — SECTION OF PARACHUTE LIGHT BALL, 
WITH FUSE. 


are surmounted, and when the shell are 
used under favourable ciroumstancos, 
they have been proved to be very 
formidable instruments of destruc- 
tion. 

Carcasses are thick iron shell 8,fiLllod 
with a combustible composition, and 
having three holes for this composi- 
tion to bum out of. The composition 
consists of a mixture of saltpetre^ 
sulphur, rosin, sulphide of antimony, 
turpentine, and tallow. It buma 
with great violence for from three to 
twelve minutes, according to thn 
size of the carcass, which varies from 
the 12-pounder to the 13-inch. Car- 
casses are thrown into an enemy's 
works, to set fire to his houses, storeSf 
etc. eto. The composition becomes 
ignited at each vent by the flash of 
Recharge, and continues burning 
after the carcass has fallen until it 
is expended. So violently does the 
composition bum, that it is almost 
impossible to extinguish it. It will 
even bum under water. The best 
mode of dealing with a carcass is to 
endeavour to roll it away from all 
inflammable material, and to smother 
it with earth. 

The ground light ball (IP'igs. 8, 4, 5) is another projectile of t^ 
class. It is, however, useful rather for ill umin a t i n g than for in- 
cendiary purposes. It consists of an oblong skeleton iron frame, 
covered with stout canvas and filled with an infUunmable composi- 
tion, consisting of saltpetre, sulphur, rosin, and linseed oil. The 
projectile has four or five vents, aocor^ng to its size, from 
which tile composition bums, for from nine to sixteen minutesi 
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Aooordbi^ to the size. These gnmnd light balls are thro^ 
from mortars at night into an enemy’s work, to discover his 
working parties ; and they are also servioeable, in the absence 
^ oaroasses, as incendiary projeotiles. They are, however, open 
to some serioos objections. In the first place, an oblong pro* 
jeotile is not suitable for firing oo^ of a smooth-bore gun; 
neither range nor accuracy can be obtained with it. Again, 
if they fall short of the object, their smoke makes a sort of 
screen. If they fall into a ditch or on to muddy ground they are 
smothered ; and if they do fall in the right place, they can be very 
easily covered over wi^ earth, and so rendered useless as lights. 
Even when not extinguished, the composition is of so dull a 
nature that its illuminating power is very small, while the area 
illuminated by a projectile on the ground is necessarily re- 
stricted, even under the most favourable circumstances. 

A good many of the foregoing objections, if not all, were met 
by General Boxer in his ingenious Parachute Light Ball. It 
consists of a thin wrought-iron shell, containing two half -shells of 
wrought iron (Fig. 7), the lower of which contains a brilliantly 
bum^g composition of saltpetre, sulphur, and red orpiment, 
and the upper a calico parachute, the lower part of which is 
attached by chains to the composition hemisphere. The shell, 
fitted with a fuse, is firod from a mortar. The fuse is timed 
to explode a small bursting charge when the shell attains 
its maximum elevation over the area or object required to be 
illuminated. On the explosion of the bursting charge, the outer 
shell is opened, and the two inner hemispheres begin falling. 
The lower hemisphere, which contains the composition, being 
the heavier, falls more rapidly than the other, which has, 
indeed, received a momentary impulse by the action of the 
bursting charge in the opposite direction. This jerk, and the more 
rapid falling of the composition hemisphere, causes the calico 
parachute to bo pulled out and expanded (Fig. 6), and it then 
floats the composition hemisphere slowly down over the object 
to be illuminated, the composition burning brightly out of a 
hole at the bottom of the hemisphere, for from one to three 
minutes, according to size. In addition to overcoming all the 
difficulties and objections enumerated above as belonging to the 
ground light ball, the parachute light ball possesses the 
^vantages of being serviceable at sea, or to illuminate an 
enemy’s fleet, which the ground light bdl necessarily cannot 
bo. It can also be fired from a very light and handy mortar. 
This construction of projectile has been very effectively employed 
for firework purposes. 

The Smoke Ball hardly needs any mention. It is merely a 
paper shell filled with a composition of gunpowder, saltpetre, 
coal, pitch, and tallow. This composition, when ignited, emits 
a dense and suffocating smoke, said to be useful in expelUng an 
enemy from mines, and in concealing one’s own operations. 
Those projectiles have also served a peaceful use in the Arctic 
regions, where they were employed for signalling purposes — ^the 
long column of black smoko standing out prominently against 
the white background of these snow-olod regions. 

This completes the list of projectiles for smooth-bore guns, 
if we except the Manby shot, for saving lives from shipwreck, 
and which is not to bo considered a weapon of war. We will 
now pass forward to another section of our subject. 


SEATS OF INDUSTRY.—YIII. 

BY WILLIAM WATT WEBSTIR. 

GLASGOW.— II. 

With the establishment of the Union, whieh at the time was 
believed by the people of Scotland to be a great national 
catastrophe, a great impetus was ^ven to the trade of Glas- 
gow ; and this event also marks an important era in the manu- 
facturing history of the city. Up to this period the foreign 
trade of Glasgow had been almost altogether restricted to the 
continent of Europe ; it was now extended to the colonies. 
When this trade was first entered upon, the Glasgow merohants 
had no suitable ships of their own, and were therefore obliged 
to charter vessels Monging to other ports. The natnre and 
“canny” system of the tnule engaged in may be gathered 
•from the following desoripikm taken ifcm Gibson’s “History of 
Glasgow : ”— ** A supercargo went out with every vessel, who 
bartered his goods for tobaooo, until such time as he had either 
sold all his goods, or proonred as much tobaooo as was tuffi- 


oient to load his vesseL He then returned immediately, and 
if any of his goods reznained unsold he> brought them .home 
with him*” In a very short time Glasgow became the prin- 
cipal centre of the tobaooo trade in Great Britain, and the 
Virginia merchants, or “ tobaooo lords,” as they were called, 
became notorious for their wealth and pride. A cuxdous 
story is told of the venture made by Glasgow mer- 
chants in the tobacco trade. In order to keep down expense, 
the captain of the ship sent out was appointed to act as 
supercargo. “ This person,” says the old merchant who has 
recorded the event, “although a shrewd man, knew nothing 
of accounts ; and, when, on his r6tum» he was asked by his 
employers for a statement of how tho adventure had ti^ed 
out, told thorn he could give them luone, but there were its 
proceeds; and threw down upon the table a large boggar — 
that is, a stocking — staffed to the top with coin. The venture 
had been a profitable one ; and his employers conceived that if 
an uneducated, untrained person had been so sucoesaful, their 
gains would have been still greater bad a person versed in 
accounts been sent with it. Under this impression, they im- 
mediately dispatched a second adventure with a supercargo, 
highly recommended for a knowledge of accounts, who produced 
to them a beautifully-mado-out statement of his transactions, 
but no hoggar.” It is estimated that more than one-half of the 
disposable capital of the city was embarked in tho tobaooo 
trade, from about 1735 till the deolaration of American Inde- 
pendence in 1776. A notion of the extent of this trade in its 
best days may be formed from tho statistics for the year 1772, 
which ^ow teat out of 20,000 hhds. of tobaooo imported into 
Great Britain, Glasgow alone imported 49,000 hhds. The year 
preceding the American War of Independence — which closed for 
ever the tobacco monopoly which Glasgow up to that time had 
enjoyed — was still more remarkable, for there were imported 
into the Clyde in that year no less than 57,143 hhds. of tobaooo, 
which were the property of forty-two merohants. When the 
tobaooo trade collapsed, the Virginia merchants tnmed their 
attention to the West Indies, and soon transformed themselves 
into “ West India lords.” Sugar cultivation in the West Indies 
and the introduction of cotton manufactures had opened out 
now paths to opulence. 

It was at this period teat the cotton trade of Glasgow oom- 
mencod. Very shortly after the cultivation of cotton was 
introduced into the Southern States of tho Amerioan Union, 
agents of Glasgow houses wore established at Charlestown 
and New Orleans, in order to facilitate tho interchange of 
Amerioan cotton and British manufactures. This trade was 
prosecuted with extraordinary vigour, and “ cotton lords ” soon 
came to take tho place of the “toWco lords” of a bygone 
day. It was also at this date teat cotton manufacture was 
begun in Scotland, tee first cotton-mill being built at Botbesay 
in 1778, by an Ez^lish company; but before many years passed 
it was bought by Mr. David Dale, a Glasgow merchant, who 
became one of tee most extensive cotton manufacturers in the 
country. The second cotton-mill built in Scotland was at 
Dovecot Hall, on the banks of the Leven, in Benfrewshire, and 
it soon proved so remunerative that it was enlarged, and five other 
mills were built in the vicinity. Among the earliest factories in 
Lanarkshire may be mentioned tee celebrated New Lanark Mills, 
erected by Mr. David Dale, in 1785, in which Sir B. Arkwright 
bad a share. Spinning operations were oommenoed in teis 
mill in 1786, and two years later another mill was built, which 
was destroyed by fire before it had been completed, but was 
rebuilt in the following year. Subsequently two oteer mills 
were erected in the neighbourhood. From the first, Glasgow 
was tee centre of cotton manufacturing enterprise in Sooteind ; 
and nearly the whoie ot the cotton go^s that have been made 
in that country havo been manufactured eiteer by or for firms 
belonging to teat city. 'Within fifty years of tee time when 
the first cotton factory was erected in Scotland, Glasgow was 
the centre of about 100 ootton-mills, and before the lapse of 
another decade the number of oott^-mills in Scotland had 
nearly doubled. The increase in the imports of cotton into 
Glasgow during this period was, as a matter of course, propor- 
tion^ to tee increase in the number of mills. Ibus the 
quantity of ootton imported into the Clyde in the year 1775 
was 508 balest or 187,160 lb. ; in 1790 it was 6,500 bales, 
or 1,757,5041b.; in I812» 48,000 bales; in 1824, 54,708; and 
in 1834 tee quantity bad risen to 95,763 bales. I^e latter 
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figtire$ represent a fifth of the cotton imported into Britain in 
1884, and it is estimated that at least three-fonrths of the 
whole quantity imported into the Clyde, or 71,777 bales, were 
worked up by Glasgow manufacturers. 

But bedore the introduction of cotton, the manufacturers of 
Glasgow and Paisley had acquired a high reputation for the 
exoeUenoe of the linen fabrics they produced. Linens, lawns, 
and cambrics were, indeed, the staple manufacture of Glasgow 
till after the close of the American War. The first tape-factory 
in Britain was established at Glasgow by Mr. Alexander 
Harvey, in 1782. This enterprising citizen abducted two 
inkle-looms, and an experienced workman from Haarlem, at 
the risk of his life ; and it was the Dutchman he brought over 
to this country who first initiated the manufacturers of Man- 
chester into the mysteries of tape-making. As might have been 
expected, the cotton cloths manufacture at Glasgow when the 
fibre began to be used, and for some time afterwards, were 
of the coarsest description. A handkerchief formed of linen 
warp and cotton weft, which went by the name of a ** blunk,*’ 
was the chief article produced. It was not very long, however, 
before the Glasgow manufacturers attempted and succeeded in 
turning out a finer quality of cloth. About the year 1784, Mr. 
James Monteith manufactured a web of muslin from some 

bird-nest Indian yam, and presented a dress mside out of 
this fabric to Queen Charlotte. It was at this time that the 
cotton-spinning machinery of Hargreave and Arkwright was 
introduced into England, and as this machinery produced 
thread sufficiently fine for muslins, and as muslins were a pro- 
fitable branch of manufacture, the Glasgow manufacturers lost 
no time in adopting it. In a very few years Glasgow had a 
large trade in plain and printed muslins, and Paisley became 
celebrated for fancy muslins. These goods soon came into 
competition with the productions of the Indian looms, for as 
early as the year 1793 it is stated in a report of the East India 
Company, on the subject of cotton manufacture in this country, 
that “ every shop offers British muslins for sale equal in ap- 
pearance and of more elegant patterns than those of India, for 
one-fourth, or, perhaps, more than one-third loss in price.’ ' 
Under the date 1785, the following passage occurs in **Maophor- 
son’s Annals of Commerce : ” — “ The manufacture of calicoes, 
which was begun in Lancashire in 1772, was now pretty 
generally established in several parts of England and Scotland. 
The manufacture of muslin was begun in England in 1781, and 
was rapidly increased. In the year 1783 there were above a 
thousand looms sot up in Glasgow for the production of the 
most beneficial article, in which the skill and labour of the 
mechanic raised the raw material to twenty times the value it 
was when imported.” The spinning of cashmere yam has 
been carried on at Glasgow since 1831, and merino yarn has 
been produced there since 1833. 

It is well known that it was at Glasgow that James Watt 
xhade his first model of the steam-engine, and it was at Port- 
Glasgow that the Comet was built, the vessel that first de- 
monstrated to Europe the practicability of steam navigation. 
The first steam-engine applied to the spinning of cotton in 
Glasgow was erected at Springfield, on the south side of the 
Clyde, in 1792. In the following year two power-looms were 
fitted up in the city by Mr. James Louis Eobertson, and for a 
time were driven by a Newfoundland dog walking in a drum. 
In 1793, 40 power-looms were at work at Milton ; and by 1801 
Mr. John Monteith had 200 looms in operation at PoUocluhawB, 
near Glasgow. Steam now began to be generally applied, and 
the number of power-loom factories increased with astonishing 
rapidity. In 1850 the number of spindles employed in cotton- 
spinning connected with and dependent on Glasgow amounted 
to 1,683,098; and the cotton consumed reached a total of 
45,000,000 lb., or 120,000 bales ; while the power-looms num- 
bered 28,564, producing a daily average of 625,000 yards of 
cloth. Pour years later there were from 26,000 to 27,000 
power-looms in the Glasgow district, and the product was con- 
sequently proportionately increased. A return made to Parlia- 
ment in 1862 shows that there were in Glasgow and its 
dependencies in the previous year 168 factories, with 1,915,398 
spindles, 80,110 looms, giving employment to 41,287 persons. 
®aoe that year the number of factories has .deareaeed, but the 
nmbimt of production has risen nojbwithstanding. In 1861 the 
number of yards of ootton doth exported frpm the Clyde was 
150,754j681 ; in 1867, 206,894,756 ysri were expenrtod. During 


the Civil War in America, the trade was, of oourse, in a state 
of stagnation, but it rapidly recovered from thfe blow. 

The great cotton manufacturing district of which Glasgow is 
the centre comprises New Lanark, Paisley, the Water of Leven, 
Kilbnohan, Johnston, Lochwinnook, Bol^esay, and Old Kil- 
patrick. The Stanley Mills, near Perth, and the Deanstoun 
Mills near Donne, are also two outlying and very extensive 
ootton factories belonging to Glasgow, whioh were planted in 
these remote localities on account of the plentiful supply of water- 
power and labour. A few years ago, Mr. J. M‘Donald, of 
Messrs. D. and J. McDonald and Co., the eminent firm of sewed 
muslin manufacturers in Glasgow, stated before a committee of 
the House of Commons that their house employed upwards of 

20.000 persons in Ireland, and that the amount of wages paid 
to them exceeded ^3,000 per week, or about ^160,000 per 
annum. There aro upwards of thirty-five other sewed muslin 
manufacturers in the city — several as extensive as the Messrs. 
McDonald — and it is estimated that they give employment to 
about 148,000 Irishwomen, who receive J61,184,000 per annum 
in wages. The shirtmakers of Glasgow also employ about 

30.000 Irishwomen in shirt-making. 

The next most important branch of trade in Glasgcfw is the 
iron trade. Forty years ago there were only sixteen smelting 
furnaces in the vicinity of Glasgow, with an average out-put of 
2,500 tons of pig-iron each. The manufacture of malleable iron 
is of recent date in Scotland, and no reliable record of the 
quantity produced was kept till the year 1845, when it amounted 
to 35,000 tons. In 1854 the quantity of malleable iron pro- 
duced was 125,000 tons, and of pig-iron 750,000 tons. This 
trade has been greatly extended since the period to whioh these 
figures refer. The most eminent of the “ iron lords ” of Glasgow 
are the Messrs. Baird, of Gortsherrie. This firm owns 42 
blast-fumaoea, employing 9,000 men and boys, and producing 
about 800,000 tons of pig-iron per annum, or about one-fourth of 
all tho pig-iron mode in Scotland. At the Gartsherrie branch 
of their establishment, the Messrs. Baird employ 8,200 men 
and boys, and make 100,000 tons of pig-iron per annum ; tho 
daily oonsumption of coal being upwards of 1,000 tons. Nine- 
teen-twentieths of tho coal used at this work is taken from 
mines within half a mile of the fumaoos. For forty years tho 
coals used at Gartsherrie were got from a mino oloso to the 
fumaoos ; and the iron-stone was for many years found in the 
immediate neighbourhood, but has now to be brought distances 
varying from two to twenty miles. A complete system of rail- 
way oommunication has been constructed for its conveyance, 
and the Monkland Canal is also used for the same purpose. 

The fame of the iron ship-builders and marine engine-makers 
of Glasgow has for many years been the boast of her oitizens. 
These trades have of recent years expanded to extraordinary 
proportions, and have materially contributed to the prosperity 
of the city. Large numbers of ocean and river steamers aro 
yearly launched on the Clyde, and some of the finest steamships 
in the world have been constructed in tho neighbourhood of 
Glasgow. The increase in tho trade of tho port is as remark- 
able as any element in tho prosperity of tho city, and has been 
dependent on tho oxtensivo improvements whioh have been 
effected on the river. About fifty years ago the depth of the 
Clyde opposite Glasgow was barely five feet; now it is fully 
twenty, and ships of the largest size can load and unload at tho 
quays. The length of quay-wall in the harbour is about 14,000 
feet. No account of Glasgow would be complete that took no 
notice of the chemical works of the Messrs. Tennant, whioh are 
the largest in the world, and comprise sixteen acres of ground 
under roof. The principal chimney-stalk at these works is 435 
feet from tho ground, and 450 feet from tho foundation. This 
gigantio column has been surpassed, however, by a ** stalk” 
erected a few years ago in its neighbourhood, whioh rises to an 
altitude of 468 feet from the foundation, and is composed of a 
million and a half of bricks. The principal water supply of 
Glasgow is* obtained from Loch Kat^e (a distance of forty 
miles), and this undertaking cost the city upwards of ^2900,000. 

GlMgow owes no inconsiderable portion of its importance as 
a trading and mannfaotttzing centre to its position in the middle 
of a district rich in coal and iron,, the two principal factors 
modem history. According to oalbulations made by Dr. StraM|ji,; 
Gli^frow and its suburbs contained 446,639 inhabitants in tW 
year 1861 ; but the poptilatioa is now (1824) oonsidetably ever 
half a million. ' 
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TECHNICAL DR A WING.--XX VII. 

THE PEOJECTION OP SCEEWS {cwtinued), 

Fio. 255 is the plan and Fig. 256 is the elevation of a square- 
threaded screw, the working of which the student will under- 
stand, the system being the same as in the last study. 


The points of the double helix on the inner cylinder are 
projected in the same manner, and therefore no further instruo- 
tions will be needed. 

Fig. 257 is the plan and Fig. 258 is the sectional elevation of 
the nut of this screw ; the last is projected from the plan (F^. 

I 257), and the heights are carried on from the elevation of Fig. 



The thread and the space are equal, and the depth of the | 256, the reverse curves, as before, being used. Templets for 
groove is the same as the width of the thread. this figure may be used as in the former case. 

Having projected the first curve, which is the upper line of Screws may have one, two, three, or even more threads, 
the thread, and having oarried this helix up as far as may be acocvding to ihe velocity whi(di their action may be required to 
required, set off the width of the thread on the perpendiculars produce. A double-thr^ed screw is one in which the pitch of 
below ei^ of the points through which the curve has been any individual helix inclndes two threads ; a three-threaded 
drawn. Through the points thus obtained the lower curve of screw is one in which three threads are embraced, and so on. 
the thread may be drawn. ! Fig. 259.- Ihis figure represents a pair of spur-wheels in 
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^ The raditw of the larger wheel, with 42 teeth, is 15}", these will be the centre linee for the arms. Next draw the 

uid that of the smaller, with 24, is 9^. boss, central aperture for the shaft, and the key-bed; then on 

Haring drawn the pitch-circles, and haring set off the pitches each side of the six central lines set off, first, hidf the thickness 
and divided them into teeth and spaces, as already shown, draw of the central ridge or flange of the arms, and then the web, 
the circles for the points and roots of the teeth ; then the faces by which these are strengthened. 

of the teeth (which in design and practice are epicycloidal, but It will be seen that the lines of the web do not mn straight 




whioh in drawings are approzimately rendered by arcs stmck 
with a radios equal to the pitch), and finally the flanks which 
m radial, but whioh are turned off into the oirole of roots by 
arcs, are to be drawn. 

The smaller wheel is a mere disc with teeth ; the larger one 
has six arms. 

l^w the circle representing the rim of the wheel, about as 
^ as the distance from the pitoh-cirole to the r^ of the 
Divide this dvde into six equal parts, and draw radii : 


into the boss, or into the part supporting the rim, but turn off 
in each case by arcs, as already shown. 

It will be observed that whra wheels are in gear there are 
three teeth of each engaged, one tooth of each wheel touching 
in the pitch-line, one pair just parting, undone coming gradually 
intofuUaoUon. 

In this example the central flange of the arms and the rim, 
instead of running by arcs into each other, are both bevelled so 
as to accomplish the same end— wis.. easy delivery in moulding. 
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VEGETABLE CQMMEROIAL PRODITCTS. 

3CV. .. 

PLANTS ((5OnC0l1t«d.) 

ChKJHiLLA Weeds {Roccella A and 

B* h/ypomechat L.; natural order, Xichenes ), — These lichens, 
which constitute the orohUs of commerce, are of an ash-^ey 
colour, haying a thallus much branched, flattened, and mealy 
in appearance, from one inch and a half to two inches in length. 
The blue dye known under the name of archil or orchil is pro* 
pared from these plants, which grow on all the rocky coasts 
and islands of the Mediterranean, and also in the Canary 
Islands, Madagascar, Cape of Good Hope, and South America. 
The colour yielded is not in itself a fast one, but it so greatly 
improYOB others that orchil is regarded as indispensable by the 
dyers. The imports into this country are about 600 tons per 
annum. 

The Tabtab Lichen (Lecemora tartar ea^ L.), indigenous to 
Sweden, Norway, and ^gland, answers the same purpose, 
litmus paper, so much used by chemists as a test for acids and 
alkalies, is prepared from the blue dye furnished by this lichen. 
Whole cargoes of it are annually brought from Sweden to Hol- 
land, where its dye, called cudbear, is the most skilfully prepared, 
and therefore called Dutch blue. 

IT. PLANTS FUBNIBHING VALUABLE BUILDING AND PUBNI- 
TUBB WOODS. 

The cultivation of wood is now carried on in several countries 
In Hurope, where the population is considerable and the natural 
forests have disappeared; above all, Germany is to be dis- 
tinguished for forest culture. But most wood, especially for 
ship-building, is still procured from those countries where the 
natural forests remain — viz., from Bussia, Norway, Sweden, 
Canada, and the United States. In Germany, vast quantities 
of wood are annually floated down the rivers Hhine, Maine, 
Nockar, Wosor, and Elbe, from the still productive woods of 
Thuringia, the Hartz, Fichtel, and Erz mountains, and the 
Black Forest. Bussia exports a considerable amount of wood 
to England and the south of Europe, from St. Petersburg, Biga, 
Archangel, and from the Bussian ports of Odessa and Cherson, 
on the Black Sea. Much timber is also exported to the south 
of Europe from Drontheim, Bergen, and Christiania, on the 
coast of Norway ; from Gottenborg, a port in Sweden ; and from 
Dantzic, Konigsberg, and Stettin, Prussian seaports on the 
Baltic. American timber is exported to the United Kingdom 
chiefly from Canada vid Quebec, which is a great depot for 
wood. The importation of timber and wood, sawn or split, 
was, in 18C7, 2,177,549 loads ; in 1882, 4,198,311 loads—a 
considerable increase. 

Of forest productions the following deserve to bo mentioned 
as sources of oonsidorablo trade : — 

Mahogany {Swietenia mahogoniy L. ; natural order, Cedre^ 
laccas) occupies the highest rank amongst the furniture woods. 
This is one of the loftiest and most gigantic trees of the tropics. 
It is indigenous to tlio West Indies and Central America. The 
mahogany tree is cut down in April and May, which is the 
height of the dry season ; it is then squared by the adze, the 
branches being lopped off ; and about the middle of June, when 
the rivers are swollen by ihe rains, the logs are placed on trucks 
and drawn by bullocks to the water-side ; there ' they are 
launched into the river, formed into rafts, and so floated down 
the stream to the vessels awaiting their arrival. 

Spanish mahogany is imported from Cuba, St. Domingo, and 
the Spanish Main, in logs twenty-six inches square and ten feet 
long. Honduras mahogany is usually lighter than the Spanish, 
and is imported in logs four feet square and eighteen feet long. 
Mahogany is chiefly valued for its colour, firmness, and durability,* 
and the beautiful polish which it is capable of receiving. On 
account of these and other excellent qualities, it is particularly 
suitable for ship-building. Mahogany is light and buoyant, 
free from dzv rot, and does not warp ; it also suffers leas from 
the luflaon or lihot than any other ^ood ; since shot, when re- 
oeivod by it, generally remains fast in the wood without split- 
iingit. 

Mahogany is extensively used in the manufacture of ^e heat 
articles of domestic tunyttoreVfanoy and omamen^l w(^-work, 
cabinet-making and veneering $ in fact, there are^ bomparaUvely 
epbajting, but few persons mb 1)aVe not this wood bonetratly 
before their ayes, in some form or other of useful home fami- 


tnre. The quantity of mahogany ixqported into the Unitad 
Kingdom in 1883 was 49,784 tops. 

Ebony (IHospyrog ebenvs , L. j natural order, 

This tree is a native of the Mauri^us, As soon as foBed 
timber is immersed in water from six to eighteen months ; it Is 
then taken out, and the two ends are seonred from splitting hy 
iron rings and wedges. Mauritius ebony is imported in round 
sticks, like scaffold poles, about fourteen inches in diameter. 
It is much used for inlaying and turnery. 


COLOUR.~~IX. 

By A. H. Chcbch, H.A 

COMPLEX COLOUB-OOMBINATIONS— HABMONIEB OF ANALOGY 
— HABMONIES OF CONTRAST — HABMONIES OF 8EB1ATION 
—HABMONIEB OF CHANGE. 

Hitherto our studies of colours have been confined almost 
entirely to those which are considered elementary and those 
which are compounded with equivalents of their constituent 
primaries. We have only alluded once and again to the existence 
and use of the vast series of mixed hues. It is, however, chiefly 
in the employment of these colours that the higher ohromatio 
developments, constituting the poetry of colour, are mani- 
fested. The obvious assortments of the primary and secondary 
colours, with their contrasts, resemblances, and barmonies, are 
not difficult to understand ; but it requires a woU-trained eye 
to disoom the subtle difforenoos and concords of composition 
in which several mixed hues preponderate, and a well-cultivated 
imagination to appreciate and to pursue their intricate delights. 
Here, where aid from descriptions is most desirable, it is most 
difficult. Endeavours to reproduce the more recondite har- 
monies of hues by mechanical processes are never wholly suo- 
oescfnl, and usually are even less useful than accurate verbal 
descriptions combined with references to natural examples. An 
illustration strikes us as wo write. Many on observant student 
of Nature must have noticed the triple combination of hues 
presented by an old beech or elm tree as seen against the sky 
or clouds in early spring. Wo have the yellovrish grey-green 
of the moss and lichen-grown trunk and branches standing out 
relieved against the dull grey of the shifting and variable 
clouds beyond ; and this tender green of the moss and grey of 
the cloud aro not flat or uniform, as they too often appear in 
our imitations of them, but fluctuating with a hundred varia- 
tions of texture, quality, and tone. A few dead leaves per- 
ohanoo remain, suggesting, if not completing, by their brown 
or russet hues, the balance of colour, which just needed such 
idea of warmth and ruddiness os they convey. 

But lot US regard a little more minutely, a little longer, this 
natural combination of hues, which we commend, with count- 
less others in the world around us, to every student of deco- 
rative art ; let us see whether it does not possess other elements 
of beauty than those which we have recorded. Tea ; if we look 
a little closer we shall doubtless see some delicate portion of 
nearly pure primary or secondary colour, some stray fragment 
of brightness — perchance an early flower or insect — just as the 
ancient pines of the unbroken American forest have been de- 
scribed as bearded with hoary lichens, yet touched with grace 
by the violets at their feet. So, too, there will be observed in 
the outermost twigs of our tree that hopeful thickening by 
myriads cf leaf-buds, neither purple-russet nor clove-brown, 
nor any colour which we can definitely fix^ but very beautiful 
in themselveB and promising the verdure of summer. Deep 
hollows of shade, and the brightness of light will be seen too, 
yet sparingly, and so, like the simpler colours, made the more 
preoiouB. F^m this example, of which nothing but the original 
work of a master in the Art of painting could convey an ade- 
quate notion, most important deduotions may be drawn. It 
will help us to realise^ in a thoughtful, artistio way, the valup 
of temperance in Qdlour, as well aa of balance and ^tribuHoxi. 

I It will lead us tb intr<^uce, amopg our bines and reda and 
yellows, some of those rarer tints which we oannpt exacts 
name, but which the watchful student of Nature may see 
trembling on the leaves of the willow, or paving the autium^al 
paths of the foKst, or shining at eventide from the dondy btft 
splendid paviUohs of the sun. ^ 

It behoves us now, passing ffrom likus somewhat 
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tvefttment of the obsoure subject of tho complex oombinatioDs 
of mixed hues and ‘colours, to attempt the deecription and 
dlaessification of harmonies of colour. 

It is usual to divide harmonies of colour into two classes — 
those of analogy and those of contrast. Having already de- 
scribed Ihe conditions under which assortments of colours 
become more or less harmonious, we need here do little more 
than illustrate by an example or two the several kinds of har- 
mony of contrast here referred to. But it must be remembered 
that the distinction of harmonies into two classes is rather 
arbitrary. Some difference always exists between any two 
colours and any two tones, so that collocation, whether agree- 
able or otherwise, inevitably includes the element of contrast. 
Harmonies differ in degree or in complexity, but not in kind, so 
far as contrast is concerned. The ordinary harmonies of analogy 
pass by insensible degrees into distinct undoubted harmonies 
of contrast. We hero cite M. Ohevreul’s classification of har- 
monies, a classification which has been adopted by most writers 
on colour : — 

I. — HARMONIES OF ANALOGY. 

1 . The Ha/rmowy of Analogy of Scale. — This harmony is 
essentially the hamony of a series, or the harmony of grada- 
tion. It is produced by tho simultaneous view of several tones 
of* the same scale, and is obtained in varying degrees of per- 
fection according to the number of the tones present and the 
intervals between them. When the tones are not easily sepa- 
rable by tho eye, and run into one another, then the effect 
commonly called ** shading ” is produced. 

2. The Ha/rmony of Analogy of Tones. — ^When two or more 
tones of the same depth, or nearly the same depth, but belong- 
ing to different but neighbouring or related scales, are viewed 
together, the harmony of tone is produced. Many such assort- 
ments, however, are displeasing to the educated eye unless they 
be so selected as to fall into a series with a gradually increasing 
quantity of some one of their colour-elements, when they may 
be ranged in the third kind of harmonies of analogy — 

3. The Hwrmony of a Domvncmt Colour. — This harmony is 
produced by viewing a landscape, a bouquet of flowers, or any 
contrasted colour -assortment, through a piece of glass so 
slightly tinctured with a colour as not to obliterate but merely 
to modify the natural colours of the arrangement or com- 
position. 

n. — HARMONIES OF CONTRAST, 

1. The harmony of contrast of scale is produced by tho 
simultaneous view of two very distant tones of tho same scale. 

2. The harmony of contrast of tones is produced by the 
simultaneous view of two or more tones of different depths, 
belonging to neighbouring or related scales. 

3. The harmony of contrast of colours is produced by the 
simultaneouB view of colours belonging to very distant scales, 
and assorted in accordance with the laws of contrast. This 
kind of contrast includes also those oases in which the effect is 
still further increased by differences of tone as well as of colour. 

It must be confessed that the above classification of colour- 
hamonies is forced and imperfect ; for every harmony depends 
to a greater or less extent upon contrast, either of tone or of 
oolonr, or of both ; and our harmonies of analogy will be found 
to be derived from the milder and less startling kinds of con- 
trast. Two ruling ideas will, however, be apparent in colour- 
arrangements, and upon the recognition of these ideas we may, 
perhaps, found a more satisfactory olassifioation of colour- har- 
monies than that of Chevreul. These two fundamental ideas 
ore those of seriaHon and change. Of the first we have an 
example in tiie assortment yellow, orange, red ; of the latter in 
the assortment yellow, red, blue. Seriation or succession corre- 
sponds in some measure to the scales, and change to the chords, 
of musical composition. Seriation may be Bucoession of tones 
or of colours, or of both ; but in all cases the idea of a series, 
of steps, of orderly suooession, with the presence of a pervading 
and dominant element, is the leading feature of the arrange- 
ment. In harmonies of change, on the other hand, an element 
oommon to all the members or a majority of the members is 
■wanting ; nor is there any distinct idea of orderly suooession 
or of development in those harmonies which convey very dis- 
Jbotly the notion of change, more or leas abrupt. Between 
“J^onieB of seriarion and harmonieB of change there are 
numberless connecting links, so that the one kind may imper- 


c^tibly slide into the latter. For beyond the regulating ptin* 
ciples of balance, distribution, appropriateness, harmony, etc., 
no rigid rules, as of cast-iron, ne^ trammel the imaginarion of 
the colourist, and so no precisely-defined classes can arranged 
to receive all the possible harmonies of assorted colours and 
hues. What farther remarks we have to make with reference 
to this subject we now proceed to give under the two heads <A 
harmonies of series and harmonies of change. 

Seriation, sucoession, development, sequence, gradation, or 
shading include many cases of the harmony of analogy, and are 
of two kinds. The tones of a scale succeeding one another in 
regular order furnish one example of shading $ another is seen 
in a series of assorted colours so arranged as to oonv^ the 
notion of a gradual increase of some quality in the series. 
Tho gradual development of the full leaf -green of a plant in 
the spring furnishes an example of gradation, not only of tones 
but of colours. A greenish-yellow passes into yellowiBh-green, 
this into green, and this ^ally acquires both depth and a 
greater proportion of blue. Leaves in autumn may often be 
observed to reverse this order, passing through various tones 
and hues of russet, red, orange, and yellow. The open country 
continually offers illustrations of the two kinds of gradation 
we have named, and the landscape painter, apprehending the 
value of this fact, is enabled to realise the relations to each 
other of the different parts of the view spread before him, both 
as regards gradation of tone and gradation of colour. In tho 
near objects constituting the foreground he notices the exten- 
sive range of the scales both of tone and colour, and the pre- 
ponderance of those hues which imply the notions of brightness 
and warmth. In the middle distance the range of tones and 
colours is more abridged ; while the far distance is commonly 
distinguished by retiring and cold colours, with a very limited 
range of scale as well as of colour. From these natural examples 
of gradation we may take many hints useful in applying colour 
to decorative purposes. Supposing we wish to conventionalise 
a compound leaf according to the principles laid down in the 
“ Principles of Desigm/ ' we may do so not only so far as its details 
and form are concerned, but also in reference to its colour. 
Pig. 15 represents such a conventional colour arrangement — an 
arrangement the key to which is to be found in a natural 
sequence of colours often occurring in plants. 

What is called a harmony of analogy runs through the series 
of colours in Fig. 15. Tho four colours there assumed to be 
present resemble in kind and in order those found in the spec- 
trum of the sun to lie between the yellow and the green. The 
arrangement of the series conveys the idea of an increasing 
brightness and warmth as we descend from the pure green 
terminal leaflet to the smallest pair of leaflets close to the 
leaf-stalk. Fig. 16 represents the same scries of colours in a 
diagrammatic way, but inverted, and furnishes us with a scien- 
tific analysis of the effects observed. The full green is repre- 
sented, in accordance with the common theory, at the base of 
Fig. 16 as containing eight parts of blue and three of yellow. 
Tho yellowish-green comes next, with one-third less blue and 
the same amount of yellow as before. The greenish-yellow 
contains only one-third the amount of blue of tho original 
green. Then we reach tho pure yellow, which is to be regarded 
as tho common element of ^e series, bringing all its members 
into relation. 

In our next illustration (Fig. 17) the range of colour is more 
extensive. The series is not for general use in decorative 
assortments, but there are several useful lessons to be drawn 
from it and applied in practice. The contrasts between con- 
tiguous colours in the present example are much more startling 
tlmn in Fig. 15, the intervals are larger, while the harmony is 
one which must be said to lie between those of analogy and 
those of contrast. The element of serial succession or de- 
velopment is weak here, that of change very apparent. The 
gradation in the assortment depends upon ihe increastog 
brightness bf the colours as we ascend, and upon the link 
which connects each gr^oup of three neighbouring colours 
together — ^the presence of a common element. We arrive at 
this result by interposing a secondary between its constituent 
primaries all through its arrangement. Thus orange is placed 
between yellow and red, which latter is succeeded by violet, 
the oomponnd of red and blue. Blue follows, and after this 
green ; then we should re-commenoe the series by returning to 
the yellow with which it began. The analyaui of tho colour* 
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aeriiM in 1%. 17 i« represented roughly in Fig. 18, where the 
thin lineB represent yellow, a thicker line red, and the thickest 
line blue. Where two lines overlap, a ooxnpound colour appears. 

We may, however, learn something more from Fig. 17 than 
18 here put down. The greater development of the stalks and 
leaflets towards the base, with the gradually increasing pointed 
character of the latter towards &e summit, helps to carry 
out the idea of series suggested by the succession of the colours, 
if in some minor details, such 
as tiie larger siao of the second 
pair of leaflets, we find a break 
in the symmetry of the series, f \ 

this is just the common feature ( \ 

of vegetable and animal growths \ / - . 

by which they are in part dis- I \\ / / I 

tingnished from the mathemati- I \\ j j j 

cally accurate, but less interest- ^ j I 

ing products of mere mechanism; 

for very often the poetry, the \ 

mystery, of beautiful organic / 

forms Ues hid in such seeming /\ ^ 

exceptions to law: TtlUno. \ / I V ) 

We must not fail to notice 'i— 1 ^ — I 

that there exist several methods / 

of more completely harmonising L 

the contrasted colours of such 
a series as that shown in Figs. 

17 and 18. In copying the 

former figure in colours for the sake of the instruction this { 
oxerciso affords, we recommend our readers to try the following ' 
generally applicable methods of bringing greater unity into 
each a series : — 

1. An outline and veining of black, common to all the leaflets. 

2. An outline and veining of gold, common to all the leaflets. 

8. The addition of grey to the whole of the colours used, the largest 
proportion being added to the green, the least to the yellow. 

A Instead of making the secondary ooloura by miztui'e, introduce 
their constituent primaries by dots placed side by side. 

Splendid examples of such gradations of colour as those we 
have been describing are to be found in numerous specimens 
of decorative art and manufacture in the fabrics of India,* the 
silks of Damascus, the faience of Persia, the lacquer-ware of 
Japan, and the porcelain of China. To take a single example, 
we may refer our readers to the peculiar but beautiful selection 
and sequence of colours upon 
such plates of the so-oallod r 

“ Persifui ware " as may be seen J 

in the Ceramic Gallery at South Orotios. 

Kensington. The particular I * ’ 

variety of this ware whkh we 
have now in view is kasm as | [i 
**Daina8,*’ “Lindus,” or^oro YvV 

generally **Bhodian.” The range 
of colours is limited except so (\U^/ 

far as one series is concerned — \ A J 

the aeries begixming with green, 
and passing through turquoise \ 'vj 
blue, to a pure deep cobalt, and \ n 
thence to a lilac hue. The most / 

ooaapionous of the remaining I ) G^***^* 

oolonrs is a dull brick- red, 
opaque and much raised in relief w 

above the others. A chocolate- f Fig. 17. 

brown, and a black or grey like 

that of Indian-ink complete the list, except that now and then 
a speoimen of the ware is found with a little yellow on it. On 
a ground of creamy white, oonventionalised forms derived from 
the hyacinth, the tulip, and a few other plants occur. The 
leaves are filled in with a copper-green, some flowers are of 
deep blue touched with turquoise, others of a lilac hue. On 
some specimens no other colours are found *h<^« these four, 
yet these establish so love^ a series that it is doubtful whether 
the specimens which exhibit these colours only are not equal 
or even superior to the others. The colours of the plants re- 

* See, for the important lasions to he drawn from the etudy of 

Oriental fabrics, Br. Dresser's seventh paper on *'Prinoiplea of , 

Design" (Vol. I., page 230). [ 


presented probably suggested, in cases like the present one, 
some of the predominant harmonies in which the dull red, with 
its yellowish tincture, balances the cooler blues and greens, 
while the Indian-ink colour, in light ciroles and delicate spirals 
of smoko-grey, tones down the whole composition, and actually 
brightens and purifies its dominant series of colours. We 
ought not to fail to notice a most preoioua quality of these 
Persian wares — that fluctuation of colour, that absence of 
, - , mechanical hardness of outline 

and uniformity of tone whioh 
16, distinguishes human handiwork 

of the thoughtful kind from tho 
perfectly correct and thoroughly 
insipid work of a machine. But 
we must not linger any more 
over our illustrations of the 
harmonies of series or relationr 
but oonolude our present lesson 
with a word or two on the ** har- 
monies of change.*’ 

Harmonies in whioh the se- 
^ quenoe or relationship of the 
— oonstitnent colours is indistinct 

^ or absent include most varieties 

of the harmonies of contrast. 
The change of tone or colour in 
them may vary greatly in abrupt- 
ness : in the more complex 
assortments of this class it is very difficult to attain anything 
like an agreeable unity, for if there be many startUng ohanges 
or contrasts, the effect becomes tiresome and spotty. The har- 
monies of change become more agreeable the more olosely tho 
rules of judioious distribution and balanoe of colour and tone are 
followed. The free use of separating lines of white, grey, gold, 
or black is often indispensable. The value of reduced tones 
of colour, and of tho mixed and tertiary hues to modify the 
crudeness of a startling contrast, is very remarkable. But we 
have already described at oonsiderable length, in Lessons V., 
Yl., and VII., the principles upon whioh hs^onious oontrasts 
depend, and so here simply confine our attention to two illustra- 
tive examples derived from the floral world. 

We might turn to the splendid family of the orchids, with 
their quaint forms and complex systems of colour, or we might 
ohoose one of the MaVvaceoe, such as the AhutiUm megcupo^ 
tamicum — ^a plant in whioh the 
green of the leaves offers a 
violent contrast with the red 
of the swollen oalyoes, and the 
Orange, bright yellow petals of the 

corolla contrast again very 
forcibly with the violet hue of 

H the oeutral branch of clustered 

I stamens ^ a startling assort- 

■ ment, but very rich in effect, 

■ when completed by the openi^ 

Blue .....I Blue, of the flower. 

I besides the mere notion of con- 

I Green. we have the idea of re- 

■ petition whioh resembles that of 

TMovo seriation; red contrasting with 

its oomifiementary, green, and 
18, yoUow with its oomplementaiy, 

violet, both the oomplementaries 
having, therefore, the third ele- 
ment, blue, in them. But every flower presenting three different 
oolours may serve to illustra^ the haxmony contrast, and 
wo need not go far for an example. Even the quiet violet with 
its minute orange-tinted eye, the faint green bsM of its petals 
and their own oMef hue, somewhere between blue and red, affords 
a colour-assortment of the kind under discussion, the balanoe 
of whioh is in a measure completed when the leaves of the plant 
are included in the series. Similar studies of other plants 
should be made ; ft will surprise many persons to discover what 
a world of instruction, as well as of enjoyment, is to be derived 
from what we may call the chromatio analysis of floweirs. 

The next subjects to be disouaeed are the modifications of 
colour arising f^m methods of illumination and differences of 
structure and surface. 
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THE STEAM-ENGINE. — VII. 

By J. M. WioMBa. B.A. 

BBA»— PARALLBXi MOTION— CBANK — FLY-WHEEL— ECCENTRIC. 

Ag WO said in onr last lesson, we shall first describe the oon- 
gtettction of a oondensinff boam.engine;^d 32 represents 
rmodel showing very clearly the construction and action of 
the different parts of an engine of this kind. In an actual 
engine the arrangement of the condenser, hot-well, and pi^pa 
shown on the lower base is often very considembly modified, so 
as to suit the exigencies of the special case, but their action is 
not in any way altered by this change. 

A portion of the side of the cylinder is here shown removed, 
so AS to exhibit dearly tho piston and slide-valve which wo 
have already described. L represents the “ working b^," 
which is made very strong, and is usually, of groat weight. A 
pivot passes through its centre point, and turns in bearings 
supported by stout iron pillars, or, as is more commonly the 


Fig. 32. 


case, firmly built into the masonry of the engme-house. 
beam is carefully balanced, 
so that it may oscillate on 
its bearings vrithout a great 
amount of force being re- 
quired. 

The piston-rod. A, imparts 
motion to one end of this, 
and at first sight it might 
seem sufiicient merely to 
fasten it by means of a pin 
or a common joint. Wo 
must remember, however, 
that the piston-rod has to 
move vertically up and 
down, and, as we shaU easily 
see, the point of attachment 
to tho beam moves in an 
arc, and doop not, therefore, 
remain vertically over one 
spot. If, then, it was fast- 
ened in this way, the piston- 
rod would at once be bont, 
so that it would not not. 

The plan originally adopted 
to obviate this consisted in 
fixing an aro to the end of 
the beam, and attaohing the 
rod to this by means of 
ohains. This plan, however, 
was very clumsy, but the 
difficulty is fully met by the 
beautiful contrivance in- 
vented by Watt, and known 
as WatVs Parallel Motion. 

The piston-rod here is jointed 
to a compound rod, D, the other end of which is jointed to 
the beam. 

A similar rod, also lettered D, is affixed to the beam a little 
way from the end, and a rod, e, is jointed to the end of these, so 
that a parallelogram is formed by the three rods and the portion 
of the beam between the pivots. The most important part of 
the arrangement is another rod, c, which is jointed at one end 
to a wall-plate attached to the bnilding, or else, as in the 
figure, to a firm upright, b, affixed to some convenient part of 
the engine, and at the other end to one of tho lower angles of the 
parallologTam. As will easily bo soon, when the beam is nearly 
at the end of its oaoillation, tho pivots in it ere nearer the 
centre line than when it is horizontal ; the rod c, however, at 
these times pulls the lower ends of d, d in the other direction ; 
and thus, when the lengths of the rods are carefully adjusted, a 
moves up and down is a perfectly vertical lino. 

To the other end of tho beam tbo connecting-rod, i, is affixed, 
which imparts motion to the driving-wheel of the engine. This 
j® ft^mplished by means of a cra^, K, affixed to tho axle of 
the wheel v. The connecting-rod, i, is fastened to the end of k 

pin passing through both, and turning freely in one. 
When in the position represented, the end of the beam to which 
the connecting-rod is attached is rising, and it accordingly 
raises the end of x, and sets the wheel in rotation. As soon, 

28 — S.B. 



however, os tho stroke of the piston is completed, and ibis end 
of the beam is at its highest point, the oonnooting-rod, i, and k 
will be in the same straight line, and it is clear that then any 
pressure, whether up or down, will merely he transferred to the 
axis of y and the bearings in which it turns, and cannot in any 
way tend to turn tho wheel. At this point, indeed, the crai^ 
loses all its power, and oeases to act. This is apparently a 
great drawback, and at first sight we should suppose that it 
would cause the motion of the engine to be very irregular and 
uneven. The difficulty, however, is easily overcome, ^e wheel 
V is made with a very heavy rim, and this aorvea as a kind of 
reservoir of force. 'V^en the craiik is in its most advantageous 
position, the tendency is to increase the speed of tho engine ; 
owing, however, to the weight of the fly-wheel, a very slight in- 
crease is prodnoed, the power being as it wore stored up in the 
form of momentum imparted to the wheel, and this momentum 
urges it past the dead-points as they are called, and tbuo 
renders the motion for all practical purposes quite uniform. 

It is manifestly a thing of oonsiderable importance to have 
tho weight of the fly-wheel 
so adjusted as to bear a due 
proportion to the power of 
the engine. If, on tho on^ 
hand, it bo too heavy thero 
will bo a noedlcsB addition 
to tho load of tho engine; 
while if, on tlio other hand, 
it be too light, the motion 
will not be uniform. The 
practical rule is that the 
power stored up in it should 
be about equal to that pro- 
duced by 0 half - strokes. 
Thus, if the steam exert a 
pressure of 1 ton on the 
piston, and tho lengfth of tlt(' 
stroke be 4 feet, powei 
thus generated is 6 X 4 X 1. 
or 30 tons. Tho weight and 
velocity of the wheel should 
therefore be so arranged that 
its momentum is about equal 
to this. If, then, the weight 
of the rim be 1 ton, its velo- 
city should be that which 
would bo acquired by a body 
falling 24 feet ; if it weigh 
tons, it should be thai 
acquired in falling Id feet, 
and BO 0 X 1 in proportion. 

machinery to bo set in 
mBK>u is usually driven by a 
strap passing round the fly- 
wheel, and then round the 

„ ^ Iji Bomo cases cog-wheels are 

employed in place of the straps to drive tho first motion. 

z is the eccentric by which motion is imparted to the slide- 
valve. On the axis of the fly-wheel a cironlar diso of metal, c, 
is keyed in such a way that the axis does not pass through its 
ceutro, but considerably to one side of it. A ring of brass sur- 
rounds this, so affixed that the diso can turn freely inside it, 
but cannot slip out. The rods at tho side of z are fastened to 
this ring, and thus as the axle rotates, carrying the disc with it, 
the ring is alternately moved to tho right and to the left, and 
imparts this alternating movement to the eocentrio. Behind tho 
cylinder, and hidden by it, is a bent lever, one end of which is 
jointed to z, and the other to the valve-rod, wi; and by means 
of this the alternate movement of z moves the slide-valve and 
regulates the supply of the steam. 

The steam-pipe is omitted in tho figure, but it enters tho 
valve-casing as in Fig. 31, and the exhaust leads to the oou- 
denser o, seen under the cylinder, where tho waste steam it 
oondonsed, and a vacuum thereby produced. In this way 
there is scarcely any resistance on the exhaust side of the 
piston, and the full pressure of the steam is communicated 
to tho beam through the piston P and piston-rod. 

The description of tho remaining portion of the steam-engine 
must be deferred to our next lesson. 


driving pulley of tho shafting. 
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MECHANICS.---X 

BY SIB BOBEBT 8TAWELL BALL, ST.A., LL.D., 
Astronomer* Boy al for Ireland. 

THE SHEAEINO MACHINE AND BUNCHING MACHINE. 
In the last lesson we briefly described the most important tools 
used in the manufacture of wrought iron— -namely, the steam- 
hammer and the rolling mills. In the present lesson we shall 
describe the other tools which are of the utmost utility in the 
subsequent treatment of wrought iron. 

The plates of iron which are produced by the rolling-mills are 
destined for various purposes. The best of them are employed 
ibr boilers ; others are used for making iron ships, iron girders, 
and multitudes of minor uses. The iron plates for which the 
punching and shearing machines are used vary in thickness 
from ord^ary sheet-iron up to nearly an inch in thickness. 

f The shearing machine, as its name indicates, is 
employed in trimming the edges of plates, and in 
cutting thorn to the required sizes. The punching 
maoliine is employed for the purpose of making 
boles in the plates, by which they can be attached 
together with rivets. The usual form of rivet is 
shown in the annexed figure (Fig. 1). It consists of 
Fig. 1. a cylindrical shaft, at one end of which is a hemi- 
spherical head. ITie rivet is heated red-hot, and 
is passed through holes in the plates which are to bo united 
together. The workman then strikes the projecting cylindrical 
end with a hammer, while his assistant holds a heavy tool 
Agaiust the head to prevent the rivet being driven out by the 
blow. A second hemispherical head is thus formed on the pro- 
locting end while the rivet remains red-hot, and as it cools, the 
contraction of the red-hot iron draws the plates together with 
prodigious foroo. The appearance two suoh plates present 
when riveted together is shown in Fig. 2. 

Since this is the universal method of attaching iron plates to 
each other, it follows that some convenient and rapid method 
of producing the necessary holes in the plates is a" matter of 
necessity. This will be evident if wo remember that very many 
thousands of suoh rivets are used in the oonstruotion of an iron 
ship, and each rivet requires two, or sometimes a greater number 
of holes. 

To meet this want the punching machine has boon devised. 
It is somewhat varied in form, to meet the exigencies of 
different manufactures, but it is substantially 

f in aU cases a combination of two distinct 
mechanical principles, the fly-wheel and the 
lover. The latter we have already considered, 
and it will now bo necessary to give a descrip- 
tion of tho former, and an account of the 
moohauioail ])rii)ciplos upon which its use de- 

Tho fly-wheel is generally a cast-iron wheel, 
with a very massive rim. It is mounted on an 
axle, and has motion oommunicatod to it by a 
stoam-engino. Tho fly-wheel is strictly a reser- 
voir of power. It is a store into which tho 
engine ponrs its energy, to be withdrawn, as 
Fig, S. occasion may require, by the machine which is 
in use. A little consideration will be ueoeasory 
in order to understand the amount of work that a fly-wheel 
moving with a given velocity is capable of storing up. 

Wo have already explained in tho lesson upon the hammer, 
that if a body whose moss contains m pounds bo moving with a 
velooity v, the number of foot-pounds of work which have been 
employed to produce this velooity, and therefore the number of 
units of work that this body will give out before it comes to 
rest, is — 


second. Now it will bo seen, by referring to tho lessons in 
Trigonometry, that the angular unit is 206,265 seconds ; and 
therefore, when a body has an angular velocity of 3, it turns 
in one second through 206,265 X 3 seconds, and dividing this 
quantity by 60 X 60, wo find the number of degrees through 
which tho wheel will move in one second. 

It follows, from the definition of angular velooity, that if B 
bo the radius of the wheel, the actual velooity of any point on 
its oiroumferenoe is nB. 

If the wheel be large, we may, without appreciable error 
assume all points in its rim to bo moving with the sam: 
velooity. 

Let m be the number of pounds in the rim. Then tho mass 
m is moving with tho velooity wE, and therefore the total quan- 
tity of work stored up in the wheel when revolving is — 


In order to give an application of this formula, we shall apply 
it to the following problem : — 

A fly-wheel twelve feet in diameter, whose rim weighs four 
tons, revolves four times in a minute. It is required to deter- 
mine the number of units of work which it contains. 

Since the wheel turns round once in fifteen scoonds, 
angular velocity is — 


Therefore tho velooity of tho rim is — 

0*42 X G - 2'52. 

We have then a mass of four tons moving with a velocity of 
2*52 feet per second. The quantity of work stored up in 
therefore— 

Hence 889 units of work must have been expended in order to 
get up this speed in the wheel, and a similar quantity will be 
given out before the wheel can come to rest. 

It is usual, however, to give the fly-wheel a much higher 
velooity than in the example we have taken ; and the higher 
the velocity, the greater the quantity of work. This will be 
evident from the expression for the work, viz. — 

_ n»B» 


for this varies proportionally to n* — that is, to the square of 
the angular velocity. 

Hence, if we increase the speed of a wheel to double its 
amount, we quadruple the quantity of work that it contains. 
If the wheel we have been considering revolved twenty times in 
a minute instead of four times, the quantity would be iuoreasod 
25-fold, and would become 25 x 889 units. The fly-whee! 
which is used in oonneotion with a punching machine is small, 
but revolves with a very high velooity, and so is capable of 
holding a largo store of work. 

Let US suppose a wheel of 2 feet in diameter, whose rim 
weighs 2 cwt., and revolves five times in a second. The 
angular velooity is therefore — 

22 

10 X = 31-4. 

7 

Hence tho quantity of work stored in thi; wheel is — 


This wheel is therefore oapable of raising a load of 3,451 lb. 
through one foot before it comes to rest, or a pressure exceeding 
two tons must be exerted through one foot by machinery con- 
nected with this fly-wheel before it is brought to rest. 

Wo shall now be able to understand the use of a fly whoe^ 


Wo shall now apply this result to detennino the number of 
units of work in a revolving fly-wheel. 

Let n be tho angular velooity of the fly-wheel. The angfular 
velocity of a body is tho number of angular units through 
which it turn? in the unit of time. Thus, for example, if wo 
say the angular velooity 'of a body is 3, what is meant is, 
tluit it turns through three* times tho angular unit in one 


in maohinery whioh, like a shearing maohine, has occasionally 
to overcome a very Wge resistance. The engine accumulates 
a vast store of its energy in tho rapidly revolving fly-wheel. 
Before the maohine whioh experienoes the rosistanoe is in 
action, tho motion of the fly-wheel becomes accelerated. When 
the machine oomes into action one of three things must 
happen; the fly-wheel must be stopped, or the maohine 
must be broken, or the resistance must be overcome. But 
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th« fly-wheel cannot be stopped nntil it has poured forth 
all the energy which it contains ; and, of course, the dimensions 
of the fly-wheel and its velocity arc so proportioned that its 
store of energy shall be ample for the work. Nor can the 
\naohine be broken ; for machines of this class are always very 
massive, in consideration of the vast strains to which they are 
liable. It follows, therefore, that the resistance must bo 


overcome. 

The general appearance of a shearing machine will be under- 
stood from Fig. 3, which is the representation of one of the 



simpler machines of this class. It consists of a long lever of 
the first order, A o B, which has its fulcrum at o, the centre 
about which it turns, while the power is applied at the end A, 


i X 44,800 * 933. 
48 


Hence, for each operation of shearing, a number of units of 
work not exceeding 1,000 is abstracted from the energy stored 

up in the fly-wheel. 



The operation of punch* 
ing is in many respects 
analogous to that* of shear- 
ing ; in fact, punching con- 
sists in shearing out a 





cylindrical piece from i 
plate of iron. The im- 
portant part of a punching 
machine will be understood 


from Fig. 5, in which AB 
is the plate of iron through which a hole is required to bo 
made ; p is the punch, which is made of hardened steel ; c D is 
the block, and £ the recess into which the piece of metal is 
forced from the plate. 

The punch, p, is depressed, by means of a fly-wheel, cam, and 
lover, in a manner analogous to the shearing maohino;' the 
quantity of work absorbed in punching a hole can also be 
estimated in the manner already described. 


and the resistance is encountered at the end b. At the end a 
IS a roller, which turns around an axis, and is a moans of 
diminishing the friction, which would otherwise bo inconvenient. 
The roller, D, is acted upon by a cam, F. This cam consists of 
a circular piece of iron, which is mounted excentrically at H. As 
the axle H revolves the cam gradually elevates the roller, and 
thus applies the power to the extremity of the lever. After 
the roller has reached its greatest height, the weight of the 
lover is sufficient to bring it down when, by the revolution of 
the cam, its descent is possible. In this way the continuous 
rotation of the cam gives a reciprocating movement t<» tho 
lover. At tho back of the cam is shown tho fly-whool, p'. This , 
is mounted on the same axle, h. Tho engine, or other source of 
power, which gives motion to the axle, is not shown in tho | 
figure. At tho end b of the lever is one jaw of the shears, K ; 
tho other, L, is firmly attached to the stand. Whenever tho 
Toiler D is raised, tho jaws are closed, and the piece of iron or 
other body that lies between the jaws is severed. 

Lot us suppose that a bar of wrought iron one square inch in 
HGction is required to bo sheared across. It has been found, 
as tho result of numerous careful experiments, that an average 
pressure of about 20 tons is necessary. It is very remarkable 
that this is about the same force os would be required to tear 
tho bar across by extension ; a little consideration will, how- 
ever, point out why this should bo so. In each case the same 
number of particles of iron have to be separated from each 
other. 
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DRAWING FROM ROUGH SKETCHES (conimued). 

In this lesson some further examples are given with the view of 
affording the student additional practice in setting out work to 
a scale, instead of merely measuring the lines from copies. 

It is again, however, necessary to mention that these are 
rough sketches, snob as might be given by tho head-engineer 
(though these would in most cases be rougher still), or as might 
be taken from the object, to be afterwards made into correct 
drawings. 

The proportions are only, therefore, generally correct. The 
figures, not being drawn to any particular scale, must not be 
depended upon as copies i the subject is, therefore, to be worked 
according to the measurements marked upon tliem. 

Fig. 260 is the head of a connecting-rod of a locomotive 
passenger engine. 

The construction of connecting-rods generally will be found 
in the lessons describing the details of an engine. It is only, 
therefore, neocssaTy in this place to give the names of the parts 
and the method of drawing them. 

A is the rod-end ; b, the end of the axle ; c, the outside of 
the brasses ; B, inside of the brasses ; e, oil-cup ; F, cotter ; 
G, gib ; H H, set-screws to keep tho cotter from moving. 

As usual in all objects which are symmetrical, a centre lino 
should be first ruled. 

Starting, then, with the line a b, and this having been made 


On the scale which we have used for the figure the mechanical 
advantage of tho lever is about six-fold. Hence it will be 
necessary that the end A of the lever be pressed upwards with 
a force of about 3 tons, or a little more, in order to out tho 
bar across. 


41 on each side of the centre lino, the ccmploto block forming 
tho head of tho connecting-rod is to bo drawn. 

The arc at the top is struck from a centre situated at c 
whilst its meeting with tho sides of the block is rounded off 
by two smaller arcs struck from d, d. 


We shall also be able to form an estimate of the number of 
units of' work which will be absorbed from the fly-wheel in the 
^ operation of shearing. A pres- I 

1^ sure of 20 tons — that is, of 

m 20 X 2,240 = 44,800 pounds 

'fco bo exerted through a 
certain distance. It is not very 
IIIW easy to ascertain what that 

distance is; it must be less 
PP* than one inch. This will be 

evident from Fig. 4. In this 
A B are the ^ges of the shears ; c i) is the bar which is ex- 
posed to their action. Now it is evident that almost imme- 
diately after the cut of the shear commences the iron must be 
divided completely across; hence the force has only to bo 
exerted through a space which we may certainly assume does 
not exceed one quarter of the total thickness to be out. The 
force of 44,800 pounds has, therefore, only to be exerted through 
*5® iith part of a foot; consequently tho total numlwr 

af units of work is— . 


The lines forming the inside and outside of the brasses are 
now to be drawn, and the axle-end, the centre of which is 74** 
from a 6, and the radius of which is 2^' 

The oil-oup, gib, cotter, and set-screw will now follow, and 
the lino a 6 is to be united to tho rod-end by arcs. This 
example should be drawn to the scale of 6 inches to the foot, 
or hidf real size. 

Fig.. 261. — The subject of this lesson is a section of a stop- 
cock, drawn to about half the real size. 

A stop-cook is an arrangement by which gases or liquids are 
allowed to pass, or are at pleasure prevented passing, through 
pipes, or from any receptacle in whi^ they may bo contained. 
They consist of A, the cock, B, the plug, and c, the handle, . 
which in some oases forms tho upper portion of the plug, 
placed at right angles to its axis, and in others (as the present) 
is simply a lever pierced with an aperture of tho same shape at 
the top of the ping, which may be removed when desired. 

Stop-cooks are generally made of brass, eomposition metal, 
or cast iron. The cook is formed with or without flanges for 
attachment to different pipes, vessels, boilers, etc. The above 
example terminates in a screw working in a plate. In this view 
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the tap ie turned ** on,” so that the hole through which tho j the subject. The thickness of the metal ie This stop-oook 
liquid would pass is shown in dotted lines. ! should be drawn to its full scale. 

The plug is conical, so as to fit better in its seat, the part ! Pig. 262. —This is part of a cog wheel — a name generally 
which receives it being turned out so as to correspond with the ! understood to mean a wheel in which the teeth are made of 
conical surface. The plug is also kept in its place by a nut , wood and mortised separately into an iron rim, in oontradis- 
D, working in a screw formed on its lower end, u. i tinotion to spur-wheels, in which the teeth are of iron, and form 




cn 

V y 


Hating drawn the perpendicular from the back of the plate 
into which the cock is screwed, and also a perpendicular for the 
central line of the plug at 2}" from it, draw the external lines 
of the straight part of the tap ; these merge into the quadrant 
struck with a radius of 2". 

The plug is now to be drawn ; its length without the flange 
at tUe top, and the screw at the bottom, being 2jt inches ; its 
greatest width, and its smallest width, \ an inch. The 
handlt-flanges and other details will now follow and complete 


a part of the rim itself. These wheels wore in genend use in 
large maohioery before the introduction of cast-iron wheels, and 
are still ve^ common in mills. The cogs are kept in their 
places by pins placed inside the rims, or by keys plaMd between 
their ends. In regard to such wheels, Professor Willis says 
<“ Mechanism,*’ art. 66) 

** Tho above construction of a toothed wheel has been partly 
imitated in modern mill-work, for it is found that if in a pair 
of wheels the teeth of one be of cast-iron, and in the other of 
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wood, that the pair work together with mnoh lean Tibration, and 
conscquont noise, and that teeth wear eaoh other less, than 
if both wheels of the pair had had iron teeth. 

** Hence* in the best modern engines one wheel of evei^ large- 
sized pair has wooden cogs fitted in it in the manner jnst 
described, only, instead of employing a wooden wheel to re- 


be fully detailed in relation to lathes, it will only bo necessary 
to giro a few hints os to the method of working out the sut^ 
ject. Haring drawn the centre line of the shaft, set off three 
separate spaces of 3'^ eaoh, for the widths of wheels composing 
the cone. The first of these is 2^'^ in diameter, and the 
radius of the others decreases by f in eaoh case. 




Fi«. ‘iGG. 
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HECHANICAL DBA WING (continued}. 

Fig. 205 ii the pUuii and Fig. 266 is the eleyatioiii of a heveU 
wheel. 

It will be easily understood that, although spur-wheels are 
employed to transmit motion from shaft to shaft, they can only 
do BO when the shafts are parallel to each other. 

When the shafts are inclined, or form any angle with each 
other, the wheels must become portions of cones to roll on each 
other, and are called heveUwheels. 

In order that such wheels may work accurately, the shafts or 
axes of any pair working together should be situated in the 
same plane : in this case the axes will meet in a point which 
will be the apex common to both the cones of which the beyel* 
wheels are portions. 

It is sometimes, however, convenient that the axes of the 
bevel-wheels should pass close to each other, without intersect- 
ing ; they are then known as skew-hevcU. 

When the cones are equal and the axes are at right angles, 
they ere called mitre-wheels. 

In Fig. 265, A is the pitch-circle, or base of the cone of which 
the mitre-wheel is to form a frustrum ; and in Fig. 266, a! is 
the elevation projected by perpendiculars from it. 

From both ends of the line a! (as b) draw linos at 45^, rneet- 
ing in a point b" on the central perpendicular. 

Now with radius b' b describe an arc which will be a portion 
of the development of the cone forming the underneath side of 
the bevel-wheel ; each bevel-wheel being, as it were, made up of 
frustra of two cones meeting the point of the teeth ; the apex 
of the one being at B^ and of the other at c, obtained in the 
same manner, by drawing lines at 45^ to the elevation of the 
pitch-circle. 

Divide the pitch-circle. A, in the plan into pitches, and sot off 
in these the teeth and spaces. At B, draw a tooth as it would 
really be if the surface of the cone wore developed or spread 
out. 

Lines drawn from the point, the root, and base of the rim to 
c, will give the points b, k, and v on the lino B. From these 
points draw horizontal lines which will give the elevations of 
the circles on which the points and roots of the teeth will be 
situated, and of the base of the rim. 

Project the elevations V and e on the plan — viz., the semi- 
circles 1)' and e'. The plan of the circle of which f is the ele- 
vation, F not being required in this view, is omitted. 

From D (on each side) draw a lino to the apex, c, and on this 
set off D d, the length of the teeth. This is generally taken 
at two, or two and a half pitches (the former in the present 
example). 

From d draw a line parallel to T> v — viz., d d\ From B, e, 
and F draw lines to c, cutting d d' in 5, e, /. From these points 
draw hf>Tizontal8, which will give the elevation of the pitch- 
circle, points, and roots of tho teeth at tho narrow end of the 
bevel-wheel. Project these into tho plan, and so obtain tho 
semicircles <i', 6', e', /. 

Set off within tho teeth around the circle t>' 5n tho plan, tho 
width of the point ff h, taken from the devolopnient shown at 
the side of tho elevation — viz., V — ^and from these points 
draw lines to the centre of the plan ; these radial lines extend- 
ing only between tho circles d' and d\ as g' i and h'j. 

Join g* and h' by moans of arcs to k and I (the widths of the 
teeth already sot off), and from fc and I draw as far as the 
circle <»', tho root of tho tooth, passing through the pitoh-cirole 
of the upper end of the. teeth in mn. 

Join m and n to i andy, and this will complete this portion 
of the plan. 

It only remains now to project all the points of teeth, as g h, 
on the line i> ^ig. 266), by oarrying up perpendiculars from the 
plan to meet the oorrespi nding lines in the elevation. This is 
shown by dotted lines in the illustration. Tho arms and shaft 
arc then to be added' in plan and elevation. 

A Boolo of feet and inches is appended to Figs. 265 and 266, 
from which the diagrams have been constructed, and which 
may be used by the learner to ascertain the relative dimensions 
of the different parts of the bevel-wheels as shown in the 
diagrams. His own drawing, however, should not be made 
from the scale that we have giv^, but from one of his own 
oopstruotion, the measureuien^ in the diagrams being ascer- 
tained from our scale, and then made in his own drawing from 
his own scale. 


AGRICULTURAL DRAINAGE AND 
IRRIGATION.— VII. 

By J. Wbiohtson, Professor of A^'riculture, Royal School of 3fines» 
WATCJRINa LAND BY ARIIPICIAL MEANS. 

That the practice of irrigating, or artificially watering land^ 
has been practised from the most ancient times, there is no- 
doubt. It would occupy more space than we can afford, as 
well as carry us into questions which it is not our object to 
discuss, had we to give a detailed history of the art. It must, 
therefore, suffice to mention that in Egypt, where the annual 
overflow of the Nile early taught the lesson, in Persia, in 
Palestine, as well as in India and China, and later, in Roman 
agriculture, irrigation occupied an important place. In hot 
and arid countries, indeed, it is positively essential, while in 
the more temperate climates of Western Europe it is a valu- 
able means of increasing tbe productiveness of land. This 
practice outlived the fall of Roman civilisation, and under the 
direction of the monks of the Middle Ages was carried on with 
success. It is supposed by some authors to have been intro- 
duced by the Moors into Spain, and from thence to have been 
re-introduced into other parts of Southern Europe; but more 
probably it lingered in England, as well as in parts of France,. 
Spain, and Italy, from the time of the Romans, and as civilisa- 
tion progressed, and greater attention was devoted to the arts; 
of agriculture, its extension would be secured. 

In Italy irrigation is carried out on a truly grand scale. Tho- 
waters of the Po, the Adige, the Tagliamento, and all tho 
minor streams are employed for this purpose, and .there is no- 
country which possesses a greater extent of rich water-meadow 
than Lombardy. The entire country, from Venice to Turin, 
has been spoken of as one great water-meadow, and yet irriga- 
tion is not there confined to grass lands, but is used in the- 
cultivation of rice, vines, and other crops. 

Public attention was first called to the importanoo of irrign- 
tion in England by Robert Vaughan, who published a work 
in 1610, entitled so lengthily, that wo only give tho first tew 
words : — “ Most Improved and Long-experienced Water-works r 
containing the Manner of Summer and Winter Drowning (^f 
Meadow and Pasture,'* etc. Among the earliest established water- 
meadows are those of Wiltshire and Hampshire, which were 
made between 1700 and 1710. These meadows were not, however, 
j laid ont upon the best principle, and subsequently underwent 
■ considerable improvement. In tho latter part of last century the 
subject of irrigation was again taken up in a treatise by George 
Boswell, published in 1780, and a series of papers followed by 
the Rev. T. Wright, of Auld, in Northants, published from 1780 
to 1810. Instances are also on record in which irrigation was 
used in tho cultivation of corn os well as grass in two parishes 
of Forfarshire and Aberdeenshire; but until very recently it 
was almost exclusively applied to grass in England, and the 
history of irrigfition in Scotland dates from oven a later time, 
jji 1794-5 the Highland and Agricultural Society brought a 
praotioal irrigator from Gloucestershire, and several extensive- 
proprietors set an example by forming irrigated meadows. 

The subject of irrigation is extensive, and when we remember 
its various phases, and the numerous questions connected with 
the soils and situations where it may be employed, the watora 
most suitable for the purpose, tho grosses and other plants- 
which it benefits most, and the general management of water- 
meadows and irrigation works, it will be seen that there is 
material for volumes. Add to this the important aspect of 
irrigation as connected with the utilisation of tho sewage of our 
towns, and some idea will bo obtained both of importance 
and extent of the subjeot. In those pages we propose to touch 
briefly upon all the above points ; but especially upon the last^ 
namely, the utilisation of sewage. 

With reference to the various kinds of irrigation, tho water 
may be applied either upon the surface, or from beneath. Super- 
ficial irrigation may be natural, as in the proximity of rivers 
which periodically overflow their banks ; or artifioial, by which 
is meant the conveying of water by channels so arranged as to 
distribute water evenly over the snriaoe of land. The methods 
of doing this are controlled by the oontonr of the ground. In 
most cases the land is formed into beds or broad ridges, raised 
in the centre. The water is brought by a main “ carriage,** or 
ditch, and is allowed to flow into shallow trenches along the 
tops of the ridges. These trenches being full, overflow, sod tho 
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^ter triokles down the sides of the ridires, finding its way 
into gutters provided for the purpose between the elevated 
“ panes ” or “ stetohes.** The meadow is so laid out that 
while the carriage gutters on the tops of the ridges bring the 
water on to the meadow, the gutters in the hollows between 
the ridges serve to carry it off into the brook at a lower level. 
The accompanying figure will render this arrangement plain. 



Af dam oorofw river ; b, main carrier ; c, watoriu^ otters ; d, drain* 
iug gutters ; £, main draining gutter. 


Where the land haa a uniform slope tho “ catoh-wator ** 
system of irrigation may bo followed. In catch-water meadows 
tho water is allowed to flow on to the most elovatod portion of tho 
irround by meaiis of a “ feeder,” and as it overflows, and seeks a 
lower level, it is again oollected by a second feeder, which crosses 
the lino of greatest declivity, and ro-distributos it over a still 
lower tract. Thns tho water finds its way aoros.s a suocesMion of 
feeders, each of which is a new point from which it is distri- 
buted. In citlior of these two methods “ stops ” are used in 
order to control tho flow of tlie water, theso stops being com- 
pjjsed of boards placed across the feeders, or of sods placed so 
as to block tho passages, and cause tho water to ovoifiow at 
tho portionlar point required. Water-meadows may be formed 
wherever there is a constant supply of water, in dry as well as 
moist seasons, where tho water is not required for mills or 
other purposes, and where the water ” rights ” are clearly 
deflned so as to allow of the appropriation of the stream for 
the purpoflo of irrigation. 

llio clearer the water, the better for the purpose, and this 
at once marks a distinct difioronoo between “ warping ” and 
irrigation. The former operation is in use in the extreme 
south-GMt of Yorkshire and north-east of Lincolnshire, in the 
proximity of the Humber, This and other rivers carry down 
vast quantities of mud from tho interior of the country to the 
sea, the result being a deposition of aUuviaJ material at their 
joint estuary. So considerable is this accumulation, that a 
long tongue of newly-formed land prolongs the south-east 
^xtremity of Yorkshire far into the ocean, and a lighthouse has 
been nmoved nearer to the sea three times within a very short 
historic period. This then is a case of natural warping, and by 
directing the flow of mud-charg^ waters on to lands adjacent 
to the river, the deposition is regulated according to the require- 
ments of man. The rise and fall of tides assist in this opera- 
tion, enabling suocessive floods of water to be poured over the 
l)ortaon of laud embanked for warping. Thus, in a year, from 
Olio to three feet of soil of superior quality is aocnmnlated. 

. ^ ^>*ifiration, the presence of mud or other suspended matter 
liot desirable, since the deposition of fine 
on the leaves of growing plants would interfere with 
vottr functions and retard their growth ; while substances in 


a state of 9oliAtion are absorbed by the soil and tho roots of 
plants, and minister to their wonts. In an earlier paper wo con- 
trasted the two operations of drainage and irrigation, and at this 
point it may be well once more to point out the true functions 
of water when used for tho latter purpose. Stagnant water, the 
enemy against which the drainer strives, is a “ dog in the 
manger,” uaeloasly occupying tho intorstioos of the earth, keeping 
ont the air, and, by its evaporation, rendering tho land cold. In 
in*igation, on the other hand, it is essential that the field should 
bo ill tho first place cleared of stagnant water, either by natural 
or artificial moans. It must bo dry, or drained. Next, from time 
to time a sheet or layer of moving water is allowed to find its 
way over its aurf^o, carrying with it nonrishment for plants, 
in many oases a higlier temporatui’o, and dissolving and render- 
ing available the mineral wealth of tho soil. Such, in few 
words, is the theory of irrigation. 

Let 08 now glance very briefly at tho general management of 
such meadows. The water is allowed to flow over the Bui'faoo 
in winter and in summer, and provision is made for this by a 
proper arrangement of sluices. According to Mr. George 
Stephenson, tho meadow should bo periodically watered from 
October to January. Each watering is continued for fifteen 
to twenty days without intermission, and at the expiration of 
each of these periods tho ground shonld be made completely 
dry for five or six days, to give it air. Mr. Bravindor, of 
Cironoeator, who has tho most intimate knowledge of tho 
working of theso meadows, says they “produce (after tho 
winter’s watering) on early ami abundant supply of grass 
for owes and lambs, and other stock, which is exceedingly 
usorul in tho spring. The custom is to consume the first crop 
by keeping sheep on tho land till May, when other grass and 
gi'oon crops are ready to take the stock. Tho water is then 
turned on again, and subsequently a second crop is produced, 
and mown for hay about the latter end of June or beginning of 
July. The water is. turned on a third time, and tho aftermath 
which sucoeeds is fed off, which generally lasts till ChriatmaH.” 

In all this, great care is requisite in keeping tho water-coursofi 
clear, and regulating tho “ stops,” so as to cause tlie water to 
flow evenly over tho entire surface. Again, in severe frosts tho 
watering must be discontinued, as by persisting in allowing water 
to flow at such times tho temperature of tho ground will bo 
injuriously lowered. Usually, in districts whore water-meadows 
obtain, a considerable extent of them is committed to tho care 
of an expericnoed man, who both keeps the channels in good 
order and regulates the supply of water. 

In conclusion wo must briefly notice one of the most bold 
attempts at irrigation, under difiicultios, over attempted in this 
country. Mr. Campbell, of Unseat Park, Gloucestershire, con- 
ceived tho idea of pumping water from tlio Thames (which 
skirts Ilia property) to the highest point of his estate, and 
allowing it to fall from thence by gravity, and fertilise a 
large area of land. In order to carry out this scheme, a 
“ plant” of no ordinary kind was required. A gigantic under- 
shot wheel was placed across tho Thames, which is not a 
very formidable river at that point; three powerful pumps,' 
worked by tho said wheel, wore erected for tho purpose of 
sending a constant stream of water by largo iron piping up 
to a reservoir, or ai'tificial lake, twenty -five acres in extent oxid 
sixty feet deep, scooped in the Oxford clay. Pesoending from 
this huge reservoir are dolivory-pipos, carrying the fertilising 
fluid to those ports of the estate where it is required, and wlioro 
it is further distributed over the surface. Some hundreds of 
acres have thus boon irrigated, and splendid crops of Italian 
rye -grass have been tho result, giving food to an immenso 
number of shoep. Such is a very general sketch of tho system 
of irrigation proposed, and, to a great extent, now in opera- 
tion at Buscat Park. It is a grand idea, carried out with 
immense energy and great expenditure of capital. Whether 
suitable to the climate of this country, or likely to be re- 
munerative, are questions which time alone can answer. In 
the case now under consideration the results obtained havo 
been satisfactory, as exhibited in tho production of heavy crops 
of Italian rye-grass, which would not have been nearly as good 
hod it not been for the fertilising properties of tho water which 
was thus boldly diverted from its original oourse, and turned 
over the land. It still remains, however, to be seen if the 
increased crops thus obtained will afford a sufiSioient return for 
the great outlay neoessary in tho first instance- 
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PllINCIPLES OF DESIGN.~XIL 

BT CHRISTOPHER DRESSER, PH.D., F.L.B., ETC. 

DECOEATIVE DESIGN. 

Oefobe we pass from a consideration of famitore and cabinet 
work generally, we must notice a few points to which wo have 
as yet merely referred, or which we have left altogether un* 
noticed. Thus we have to consider upholstery as applied to 
works of furniture, the materials empioyed os coverings for 
seats, and the nature of picture*frames and curtain poles ; we 
must also notice certain general errors in furniture, strictly 
so called. When examining certain wardrobes and cabinets in 
the International Exhibition of 1862, I was forcibly impressed 
with the structural truth of one or two of these works. One 
os})ocially commended itself to me as of a fine structural 
(Character, while of classic formation. Just as I was expressing 
my admiration, the exhibitor threw open the doors of his well 
formed wardrobe to show me its internal fittings, when, fancy 
my feelings at beholding the first door bearing with it, as it 
opened, the two pilasters that I conceived to be the supports of 
the somewhat heavy cornice above, and the other door bearing 
away the third support, and thus leaving the superincumbent 
mass resting on the thin sides 
of the structure only, while they 
appeared altogether unable to 
perform the duty imposed upon 
them. “ Horrible ! horrible ! ” 
was all I could exclaim. 

Some of the most costly works 
of furniture shown by the French 
in the 1867 Paris International 
Exhibition were not free from 
this defect ; and this is strange, 
for to the rightly constituted 
mind this one defect is of such 
a grave character as to nou- 
traliso whatever pleasure miglit 
otherwise bo derived from con- 
templating the work. Wo see a 
man, a genius perhaps — a man 
having qualities that all must 
atlmiro; but ho has one great 
vice — one sin which easily besots 
him. While the man has excel- \ / 

lent and ostimuhlo qualities, wo \ / 

yet avoid him, for wo see not 
tbo cxoollonooH but the vice. It 

is so with such works of fumi- ^ Fig 

ture as those of which wo have 
boon speaking, for their defects 

ore such as impress us more powerfully than their oxoellenoes. 

Respecting those works of furniture, this should be said : 
they are more or less imitative of works of a debased art 
period— of a period in which structural tnith was utterly dis- 
regarded — yet this is no reason why wo should copy the defects 
of our ancestors. 

Infinitely worse than the works just spoken of, is falsely- 
constructed Gothic furniture, where the very truthfulness of 
structure is openly sot before us. Not long sinoo I was staying 
with a client whoso house is of Qothio stylo. Being about 
to furnish drawings for the decorations of this mansion, I was 
carefully noting the character of the architecture and of the 
furniture, which latter had been designed and manufactured 
oxprossly for the house by a large Yorkshire firm of cabinet- 
roakors. The structure of the furniture appeared just, the pro- 
porUons tolerablgr good, the wood honest, and the inUys 
judicious ; but, can it be imagined, the whole was a mere series 
of frauds and shams — the cross-gram ends of what should be 
fcupports were attached to the fronts of drawers, pillars came 
away, and such falsity became apparent as I never before saw. 
How any person could possibly produce such furniture, be he 
ever so degraded, I cannot think. I have seen works that arc 
bad, I have seen falsitieB in art, but I never before saw such 
falsity of structure and such uncalled-for deception as these 
works presented. The untrue is always offensive; but when a 
Bpooial effort is made at causing a lie to appear as truth, a 
double sense of disappointment is experienoed when the un- 
tsuthfolness is discovered. 


In his work on “ Household Taste,** to which wo have before 
alluded, Mr. Eastlake objects, and 1 think very justly, to the 
character of an ordinary telescopic dining-table. He says : 
“ Among the dining-room appointments, the table is an article 
of furniture which stands greatly in need of reform. It is 
generally made of planks of polished oak or mahogany, laid 
upon an insecure framework of the same material, and sup- 
ported by four gouty legs, ornamented by tiie turner with 
mouldings which look like inverted cups and saucers piled upon 
an attic baluster. I call the framework insecure, because 1 am 
describing what is commonly called a * telescope * table, or one 
which can be pulled out to twice its usual length, and, by the 
addition of extra leaves in its middle, accommodate twice the 
usual number of diners. Such a table cannot bo soundly made 
in the same sense that ordinary furniture is sound ; it must 
depend for its support on some contrivance which is not con- 
sistent with the material of which it is made. Few people 
would like to sit on a chair the legs of which slid in and out, 
and wore fastened at the required height by a pin ; there would 
be a sense of insecurity in the motion eminently unpleasant. 
You might put up with such an invention in camp, or on a 
sketching expedition, but to have it and use it under your own 
roof, instead of a strong and 
Borviceablo chair, would bo ab- 
surd. Yet this is very much 
what we do in the case of the 
modern dining-room table. When 
it is extended it looks weak and 
untidy at the sides ; when it is 
reduced to its shortest length 
the logs appear heavy and ill- 
proportioned. It is always liable 
to got out of order, and from the 
very nature of its construction 
must be an inartistic object. 
Why should such a table be 
made at all ? A dining-room is 
a room to dine in. Whether 
there are few or many people 
seated for that purpose, the 
table might well bo kept of an 
uniform length, and if space is 
an object it is always possible to 
use in its stead two small tables, 
each on four logs. These might 
be placed end to end when 
dinner parties are given, and 
• one of them would suffice for 

family use. A table of this kind 
might be solidly and stoutly 
framed, so as to last for ages, and become, as all furniture 
ought to become, an heirloom in the family. When a man 
buUds himself a house on freehold laud, he does not intend that 
it shall only last his lifetime ; he bequeaths it in sound condition 
to posterity. We ought to be ashamed of furniture which is 
continually being replaced ; at all events, wo cannot possibly 
take any interest in such furniture. In former days, when the 
principles of good joinery were really understood, the legs of 
such a large table as that of the dining- room would have been 
made of a very different form from the lumpy, pear-shaped 
things of modem use.” 

In nearly all these remarks 1 agree with Mr. Eastlake, and 
especially in his remark that, owing to the very nature of its 
construction, a modern dining-table must be an inartistio object. 
No work can be satisfactory in which any portions of the true 
supporting structure or frame are drawn apart; and this 
occurs to a marked degree in this table, as is shown in Mr. 
Eastlake's illustration, which we here copy (Fig. 86). 

Another falsity in furniture is veneering— -a practice which 
should be wholly abandoned. Simple honesty is preferable to 
false show in all cases ; truthfulness in uttc^oe is always to 
be desired. It was customary at one time to veneer almost 
every work of> furniture, and even to place the grain of the 
veneer in a manner totally at varianoe with the true structure 
of the fnunework which it covered. This was a method of 
making works, which might in their unfinished state bo satis- 
factory, appiMur when finished as most unsatisfactory objects. 
Since this time much prt^press has been made in a kiiowledga 


I 


PRINCIPLES OP DESIGN. 


25 


of trothfal stmoture and of trathfnl expression, yet this material, arranged in masnye and absnrd folds, shutting out 
method of giving a false surface by means of veneer is not that light which is necessary to our health and well-being ; and 
wholly abandoned as despicable and false. a pair of heavy stuff curtains and a pair of laoe curtains to each 

A few monidia baok I had oocasion to visit a cabinet ware- window, each curtain consisting of sufficient material to more 
house in Lancashire, and the owner called my attention to the than cover the window of itself. An excess of drapery is always 
fine grain of some old English oak, and remarked that certain vulgar, and a little drapery usefully and judiciously employed is 


pieces of fur- 
niture were of 
solid wood. 
Upon investi- 
gation, how- 
ever, I dis- 
covered that 
while the fur- 
niture in ques- 
tion was made 
throughout 
of oak, the 
bulk of the 
structure was 
of common 
wainscoting, 
and the surface 
was veneered 
with English 
oak. I confess 
that I would 
much rather 
iiave had the 
furniture with- 
out its false 
exterior, and 
daily my love 
for fine grain 
in wood gets 
loss. I think 
that this arises 
from the fact 
tlint strong 
grain in wood 
takes from the 
unity of the 
work into 
which it is 
formed, and 
tends to break 
it up into parts, 
by rendering 
every mem- 
ber conspicu- 
ous. What is 
wanted in a 
work of furni- 
ture, before all 
other consider- 
ations, is a fine 
general form — 
a harmony of 
all parts — so 
that no one 
member usnrp 
a primary place 
—and this it is 
almost impos- 
sible to aohievd 
if a wood is 
employed hav- 
ing a strongly- 
marked grain. 




Pig. 37. 



Fig. 38. 



pleasant. 

Many win- 
dows that are 
well made, and 
thus keep out 
all currents r 
air, need no 
curtains. If 
the window 
mouldings are 
of an archi- 
tectural cha- 
racter, and are 
ooloured much 
darker than 
the wall, BO as 
to become an 
obvious frame 
to the window, 
and thus do 
for the window 
what a picture- 
frame does for 
a picture, no 
curtains will 
bo required. I 
have recently 
had a wonder- 
fully striking 
illustration of 
this. Two ad- 
joining rooms 
are alike in 
their architec- 
ture : one is 
decorated, and 
has the win- 
dow easement 
of such colours 
as strongly 
contrast, while 
they aro yet 
harmonious, 
with the wall. 
Before the 
room was deco- 
rated, and the 
windows were 
thus treated, a 
general light 
colour pre- 
vailed, both on 
the wood-work 
and on the 
walls of the 
room, and cur- 
tains were 
hung at the 
windows in the 
usual way. 
With the al- 
tered decora- 
tions, the win- 


With us a room is considered as almost unfurnished if the i dows became so effective that I at once saw the undesirability 
windows are not hung with some kind of drapery. The original of re-hanging the curtains, and yet not one of ^ my friends 


object of this drapery was that of keeping out a draught of air, 
which found its way through the imperfectly fitting windows ; 


has observed that there are no ourtams to the windows ; while 
if the curtains are removed from the adjoining room, where the 


and the antilype of our window-hangings was a simple curtain, window-frames are as light as the waUs, the first question asked 
formed of a material suitable to aohieve the purpose sought, is, ** Where aro your curtains P ** 

S^h a curtain was legitimate and desirable, and would contrast Curtains ahoiUd be hung on a simple and obvious polo. All 
«®*®fely with the elaborate festooning and quadrupled cur- means of hiding this pole ore fooli^ and useless. This polo 
^ of our present windows. We dai^ see yards of valuable need not be veiy thiok, and is better formed of wood than of 
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metBL for then the rings to which the curtains are attached 
pasB along almost noiselessly. The ends of the polo may bo of 
metal, but I prefer simple ballg of wood. The pole may be 
grooved, and any little enrichments may bo introduced into 
those grooves, providing the carving does not come to the sur- 
face, and thus touch the rin^, which by their motion would 
injure it. Whatever is used in the way of enrichment should 
be of a simple character, for the height at which the curtain 
pole is placed would render very fine work altogether ineffective. 

As to upholstery, 1 would say, never indulge in an excess. 
A wood frame should appear in every work of furniture, as in 
the examples we have given. Sofas are now made as though 
they were feather beds ; they are so soft that you sink into 
them, and become uncomfortably warm by merely resting upon 
them, and their gouty forms are relieved only by a few inches 
of wood, which appear as legs. Stuffing should be employed 
only as a means of rendering a properly constructed seat 
comfortably soft. If it goes beyond tliis it is vulgar and 
objectionable. Spring stuffing is not to be altogether oom- 
mendod ; a good old-fashioned hair seat is more desirable, as it 
will endure when springs have perished. As to the materials 
with which seats may be covered I can say little, for they are 
many. Hair cloth, althongli very desirable, is altogether in- 
artistic in its effect. Nothing is better than leather for dining- 
room chairs; Utrecht velvet, either plain or embossed, looks 
well on library chairs ; silk and satin damasks, rep, and many 
other fabrics are appropriate to drawing-room furniture, and 
upholsterers will find a three-coloured material, called “The 
Windsor Brocade,** useful for such purposes. Chintz I am 
not fond of as a ohair covering, and in a bath room 1 would 
rather have ohairs with plain wooden seats than with cushions 
covered with tliis glazed material. 

With a mere remark upon pioture-framos I have done. 
Pioture«frame8 are generally elaborately carved mouldings, 
or are simple mouldings covered with putty ornaments, which, 
whether carved or formed of putty, are overlaid with gold 
leaf ; they are, indeed, highly ornamented gilt mouldings. 1 
much prefer a well-formed, yet somewhat simple, black, polished 
moulding, on the interior of whioh runs a gold bead. For 
prints and water-colours the annexed frame (Fig. 37) is all that 
can be desired. A fanciful yet good picture-frame was figured 
in the Building News of September 7th, 1866, whioh we now 
repeat (B'ig. 88). 


VEGETABLE COMMERCIAL PRODUCTS. 

XVI. 

VALUABLE BUILDING AND FUKNITUBID WOODS (continued). 

East Indian Ebont (DaXbergia latifoliaf L. ; natural ordez^ 
Lefn*wiinoscB),-— The real raven-black ebony, one of the heavif-sfc 
and hardest of all woods, and which in the fineness of its texture 
resembles ivory, is derived from this tree, which is indigenoue 
to the islaudi of Ceylon, and is also found in Java, Sumatra^ 
and the Philippines. This ebony is used for wind instruments 
and the keys of pianos. 

The alburnum, or sap-wood of both the mahogany and ebony 
trees, is white and valueless, and is chipped off with the adze 
before the logs are shipped. The indurated heart-wood of 
those trees is the only part of the stem fit for industrial and 
eoonomio purposes. 

A great deal of ebony comes into commerce from the Cape of 
(^od Hope, and arrives in England in sticks of about thr^ to 
jiix feet long, and two to four inohos thick. 

Boxwood ^ (Buxua sempervirens, L. ; natural order, Euphor^ 
tiocao)).-— This is an evergreen shrub, a native of Southern and 
Western Europe. The wood is dense, compact, and admirably 
suited for wood engravers and also for the forma^on of graduated 
scales and fine works of art. It is imported in pieces four feet 
long and ten inches in diameter from Smyrna, Constsmtinople, 
.nid the Greek Islands. The fine saw-dust of this wood is sold 
nt Nuremberg and other places as pounce, whioh dries Writing 
quickly. The annual imports are between 3,000 and 4,000 tons. 

Sandal Wood (SontalKtit album, I#. ; natural order, Sait- 
ialoeses).— 'This tree, whioh produces the beautifully perfumed 
sandal-wood, is a native of India and China. Sandal-wood is 
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servative from insects. In China it is employed as incense, 
and is manufactured into toys. The shavings and saw-dust of 
sandal-wood are valuable in perfumery. 

Lignum Vitab (Qwiacvm o^nale. Plum.; natural order, 
Zygophylldeem), — This is the hardest and heaviest wood known. 
It is of a dark olive colour, and cross-grained, the fibres running 
obliquely into one another, in a form somewhat resembling the 
letter X, so that it cannot be split with an axe, and is therefore 
divided by the saw. The tree is forty feet high, and four or 
five feet in circumference, with numerous knotted, much divided 
branches, abruptly pinnate leaves, and bright blue flowers. It 
grows in tropical America, especially in Jamaica, where it is 
very abundant, and whence our supplies are chiefly obtained. 
The timber of this tree is very valuable, where strength and 
durability are needed and weight is no object. Lignum vitae 
comes over in billets about throe feet in length and a foot in 
diameter, and is chiefly used for ship-blocks and pulleys. It 
takes a fine polish, and turns well, and for this reason is used 
by turners for articles requiring a hard close-grained wood. 

Btrd’s-Eyk Mapi.b (Acer saccharinum, L. ; natural order, 
Aceracem), — This tree is a native of North America, where it 
grows from Canada to Georgia. In early spring it yields, when 
tapped, an immense quantity of sugar. The boautitul wood 
known as bird*s-eyo maple, so muoh admired in cabinet work, 
is obtained from this species. 

Amebioan Cedab (Ced/rela odoraia^ L. ; natural order, 
Ced^elaceos)^ a native of the West Indies and Central America. 
This tree furnishes the wood used for the boxes in whioh cigars 
are packed, and for the inside portions of furniture. 

Pencil Cedar (Juniperus hermudiana; natural order, 
Ooniferw). — A North American tree, which famishes the red 
wood for load pencils. 

Lance-wood (Duguelia guitarensiSf St. Hilaire ; natural 
order, Anonaccm), — This tree furnishes lanoC-wood, whioh is 
used by coach-makers for the shafts of gigs and other vehioles 
where both strength and elasticity are required. We receive 
lance-wood frotu Cuba and Guiana, whence it oomos in the form 
of polos, fifteen to twenty feet in length and six to seven inches 
in diameter. 

Boskwood (Triptolemma and Valhergia; natural order, 
Leguminosce). — Several undetermined species of these genera of 
trees furnish rosewood. Wo receive this wood from Brazil, in 
planks about twelve feet in length, flat on one side and rounded 
on the other, each being evidently one-half of the stem, with 
the bark removed. Violet- wood and king- wood, whioh oomo to 
this country also from the Brazilian forests, ore probably only 
other species of the same plant, as both resemble the rosewoods. 
They are in much smaller pieces, usually in round stioks four 
or five feet long and from two to six inohes in diameter. The 
best rosewood comes from Bio de Janeiro, and has . recently 
been asoertainod to be chiefly the timber of Valhergia nigra. 
Bosewood is muoh used for library and drawing-room furniture, 
and is so named beoaose, when fresh, it has the odonr of 
a rose. 

Black Walnut (Juglans nigra, L. ; natural order, Juglam^ 
dacece). — This is a large tree, indigenous to North America. 
Previous to the introduction of mahogany and rosewood, walnut 
was held in high estimation in the manufacture of costly furni- 
ture. It is still imported for fumiture, although to a less 
extent than formerly, and is now ohiefly employed in the 
manufacture of the Bt<^k8 of all kinds of fire-arms. 

Snakewood (Piratinera guianenais; natural order, Arto- 
earpacea). — ^This is a very beautiful ornamental wood, of a 
rich ohestnnt-brown oolonr, mottled with cloudy amber-oolonred 
spots, resembling the markings of serpents — a scaroe wood, 
imported from South America in sticks, two or three inohes in 
dimeter, and five or six inohes in length. When dry, snake- 
wood readily takes fire if nibbed against wood harder than 
itself, and is so used for obtaining fire by the native Indians. 

Satin Wood (Swietenia eMoroxylon, L. ; natnral order, 
Cedrelaceas), — This is a handsome, hard, yellow veneering wood, 
ocoasionally imported from India, the West Indies, and Sontb 
America, in logs seven or eight inohes square and ten feet in 
length. It is used by cabinet-makers and upholsterers in inlay- 
ing work, and for pioture-fhunes. 

The far greater proportion of onr building timber consists of 
the wood of various coniferous trees, whioh we import from 
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oarpentrj ia the wood of several speoies of pine and fir. 
Thus, white deal is furnished by the Norway apruoe fir (Abies 
excelsat L.)i and yellow deal by the Scotch fir (Piniut sylveatrist 
L.) ; the silver fir (Abies picea^ Link.) furniBhes a whitish deal 
used for flooring. There are numerous others, as the American 
and European larohea (barix amencana^ Michz., and L. et4- 
ro; (na,L.), and the hemlock spruce fir (Abies canadensis^ Miohx.), 
wliioh are employed for ship and house building. We can only 
mention them, and we must now leave this branch of our sub- 
ject, as we have not space for further selection. The names 
only of the trees — European, Asiatic, African, American, and 
Australian — which yield valuable furniture and building mate- 
rials would form quite an extensive catalogue. 

V. PLANTS PBODUCINO VALUABLE OUMS, BBSINS, AND 
BALSAMS. 

Tlie substanooB now to be considered are distinguished as 
follows : — 

liesms are the inspissated or thickened juices of plants, and 
are commonly associated with an essential oil; they are in- 
soluble in water, but are dissolved by alcohol and essential oils. 

Qum Kesins or Balsams ore partly soluble in water, from the 
quantity of gum they contain. 

Oums are soluble in water, but not in alcohol. 

Balsam Fib (Abies halsamiferay Miclix. ; natural order, 
Coniferce). — This tree furnishes the Canada balsam so much used 
in mounting microsoopio preparations of objects of natural 
history, as it not only preserves, but at the same time gives 
thorn transparency. This oleo-resinous fluid is contained in 
blisters of the bark, which are punctured, and the balsam is 
then caught as it exudes. It is imported from America. 

India-rubber, Gum-elastic, or Caoutchouc, is the har- 
dened milky juice of many euphorbiaceous plants and others. 
That from the Brazils is the produce of Siphenia elastica 
(Bich.), a noble tree, growing to a height of sixty feet, with a 
light, stone-coloured bark. That collected in Central America, 
and now an important article of export all along the Atlantic 
seaboard, is obtained from Castilloa elastica. The Brazilian 
metliod of obtaining the caoutchouc, or india-rubber, is to 
spread the mUky juice upon clay moulds, and dry it in the sun 
or in the smoko of a fire, which blackens it. The moulds are 
in the form of balls, bottles, and shoos. The juice is collected 
from incisions made in the stem, and is received into a cup of 
clay placed under the wound. It flows freely, to the extent of 
about four ounces daily from each tree. This juice is then 
smeared over the clay moulds in successive layers, which are 
dried separately, until a sufiiciGnt number have accumulated 
to give a proper thickness ; the clay is then washed out, and 
the india-rubber is ready for the market. 

In Central America the juice is collected from incisions mode 
in the stem, and is received into vessels. A tree four feet in 
diameter will yield twenty gallons of juice, each gallon pro- 
ducing two pounds of good dried rubber *, and an industrious man 
will collect twenty-five gallons a day. The milky juice is strained 
through a wire sieve, so as to exclude all impurities before it is 
transferred to barrels, in which the real manufacture of the 
rubber is performed. The best manner of converting the milk 
into rubber is by mixing with it the juice of a certain vine, 
termed by the natives achuca^ which has the singular properiy 
of producing coagulation within the space of five minutes. 
About a pint of the infusion of the vine is well mixed with every 
gallon of the milk. This is done in a large tin pan, and the 
rubber separates as a soft mass from the brown liquid. This 
mass is then placed on a board, slightly pressed by hand, and 
rolled out with a piece of heavy wood. A great quantity of 
water is thus squeezed out, and the rubber, which has now as- 
sumed its elasticity, is made into fiat round cakes a quarter of 
an inch thick, twenty inches in diameter, and perfectly white in 
colour. Hitherto the greater portion of caoutchouc imported 
has been received from South America, but latterly a consider- 
able amount has come from Singapore, Assam, and other places 
in the East Indies. This is the product of the Ficus elastica^ L. 
(natural order, UrUeaceos), or the famed banyan tree, so colo’ 
brated for its pillared supports, " whose daughters grow about 
the mother trM," and w^oh has furnished the motto ** Toi 
vomt quot wrbores ** to the Boyal Asiatic Society. But this 
product is nevertheless very infmdor to that furnished by the 
Brazilian india-rubber tree. 


Caoutchouc is contained in the juices of many tropical trees, 
wd in small quantities in many plants of temperate regions ; 
it seems to form an essential part of the milky juices which are 
oharaoteristio of the Euphotbiacece^ Apocynaceccy and Vnicaceas, 

In 1886, 194,743 ,owt. of caoutchouc were imported into the 
United Kingdom in the raw state, valued at JB2,222,156. The 
same year our exports of caoutchouc manufactures to Europe 
and elsewhere were valued at j£971,108. In 1882 we im- 
ported 181,726 owt., valued at JS2,754,692, and exported in 
manufaotnres j 8999,529 worth. 

Gutta-percha (Isenandra gutta^ Hook.; natural order, 
EuphturhioMae ). — ^Thm ia a magnificent tree, sixty or seventy feet 
in height and from five to six feet in diameter, growing in the 
Malayan Archipelago. Gutta-percha is the inspissated juice of 
this tree, and is procured as follows : — The trees are felled, the 
I bark removed, and the milky juice which is found between the 
bark and wood is collected and poured into a trough made 
from the stalk of the plantain-leaf. It quickly coagulates on 
exposure to the air, and is then kneaded into cakes for expor- 
tation. Gutta-percha is one of the most valuable vegetable pro- 
ductions ever discovered. It is in its natural state hard, rough, 
dry, opaque, tough, inflammable, and slightly soluble. On 
immersion in hot water it becomes softened and capable of 
being moulded into any figure, which it retains when cold ; a 
number of pieces, too, may be united so perfectly as to show no 
mark whatever of their junction. It is not elastic, but so tough 
that a thin slip, one-eighth of an inch in substance, will sustain- 
a weight of forty-two pounds. A great variety of articles arc 
made from gutta-percha, and, above all, cables for the convey- 
ance of the submarine telegraph, which, without this invaluable 
substance, could not have existed. 

The demand for gutta-percha is very extensive, and it is cer- 
tain that a process too destructive to the trees ia adopted in the 
endeavour to furnish the requisite supply. 

In 1886 the gntta-percha imported amounted to 40,697 owt., 
and its value was .£269;808. The value of the gutta-percha 
imported fifty years ago amounted to only ^9 IGs. 8d. A 
short time ago this tree was abundant on the island of Singa- 
pore ; now few if any other than small plants are to bo found 
there, all the large trees having been felled. The range of its 
growth appears, however, to bo considerable, as it doubtless 
extends over all the islands of the Malayan Archipelago. 

Tar (Pinus aylvcstris^ L. ; natural order, Coniferce ). — Tar ia 
an impure turpentine, viscid, and brown-black in colour, pro- 
cured by destructive distillation from the roots of various coni- 
ferous trees, particularly the above spooies. This process waft 
known to the ancients, being described by Theophrastus, and ia 
nearly the same now as in his time. 

A bank is chosen near a marsh or bog, as the roots of pines 
so situated always yield the greatest supplies of tar ; in this 
bank a conical cavity is formed, the sides of which are beaten 
down and rendered as firm os possible with heavy wooden 
mallets. A cast-iron pan is placed at the bottom of the hole 
or funnel, with a spout which projects through the side of the 
bank, and barrels are placed beneath this spout to collect the 
tar as it comes away. This cavity is then filled with the roots 
of the pine, which are cut and neatly packed so as to fill up the 
entire space, and the 'whole is covered over with turf and beaten 
down with the mallet or stamper. The roots in the inside of 
the cavity are then set on fire, and the tar, as it distils, runs 
down the sides into the iron pan, passing through the spout 
into the barrels, which, as fast at fiUed, are bunged, and are 
then ready for exportation. 

Tar is used chiefly by seamen, for preserving cordage and 
wood from the effects of the atmosphere. Nearly all our tar 
comes from Bussia, Norway, and Sweden ; the United States, 
also, supply us with a considerable amount ; the forests between 
Bayonne and Bordeaux in France, the Black Forest,^ and the 
forest of Thuringia, in Germany, send large quantities into oom- 
meroe. 

Pitch is tor condensed or deprived of the more volatile ports 
by distillation. The tar is boil^ in an open iron poi imtil all 
the volatile matters are driven off ; the residuum remaining is 
pitch. This is a blatfii, solid, and glossy substaaoe, very brittle 
when cold, bnt softening and becoming duotile when heated. 
That used in this country is mostly home manufactured. Pitch 
is frequently mixed with tar, and used for similar purposes, in 
ship-building, for caulking the seams of vessels, etc* 
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PRACTICAL GEOMETRY APPLIED TO 
LINEAR DRAWING.— VII 

THB CYCLOID {continued). 

The involute, cycloid, epicycloid, and hypocycloid ourvea are 
maoh used in drawing the exact cnryes forming the teeth of 
wheeU work- 
ing in racks or 
in gear with 
caoh other; 
and these will 
therefore bo 
more fully 
worked ont in 
the lessons 
on ** Technical 
Drawing. *’ 

The cycloid 

was invented , 

by Galileo, an A 
eminent ma- 
thematician 
And natural 
philosopher. 

Ho was bom at 
Pisa in 1564, 
and died 
1642. 

To dcscn&e 
ihc cycloid. 

Draw the 
iliroctor A B, 

<Fig. 63), the 
generating 
circle 0, and a 
lino through 
the centre, 
called tlio lino 
of centres, DB, 
parallel to A b. 

Draw tho 
diameter vi 6, 
and divide 
each half of 
the circle into 
any number of 
equal ports — 
viz., la, 2a, etc. 

On each side 
of point VI, set 
off tho lengths 
va, iva, Ilia, 
etc., and vh, 
ivh, inh, etc., * < 
equal in size 
and number to 
the divisions 
in tho circle. 

From o, la, 
lia, Ilia, etc., 
erect perpendi- 
culars, cutting 
the line D s in 
1, II, III, etc. 

From each 
-'f these points 
icsoribeoiroles 
equid to the ge- 
nerating cir- 
cles. Fromva 
set off on the 

circle of which v is the centre the length of the line vi 5a — vis., 
65. Mark off the same length on the corresponding circle, from 
vh. From iva set cfl on the circle drawn from centre iv 
the length of the line vi 4a, and do the same on the correspond- 
ing cirole from iv5. 

Proceed thw, setting off the lengths of the lines vi 8, 2, 



E F 

Fig. 66. 
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ingly (in Boman figures), and through the points marked on the 
various circles — viz., 16, 26, 36, etc. — draw the curve. 

THE EPICYCLOID AND HYPOCYCLOID. 

When a circle, instead of rolling along a straight line, rolls 
around the edge of another circle, any point in it will describe the 

curve known 
as the epi 
cycloid (BHg. 
64). 

To describe 
the epicycloid. 

Draw the di- 
recting circle 
B c, and the 
generating 
circle D. 

From A, with 
radius A D, de- 
scribo tho 
circle of cen- 
tres E F. 

Divide the 
generating 
circle into any 
number of 
equal parts, 
la, 2a, etc., 
and set off 
these lengths 
from VI on tho 
directing cirom 
C B — viz., tlio 
points mark u I 
1, n. III, etc., 
in the larger 
Boman figures. 

From A draw 
lines through 
I, II, III, etc., 
cutting tho 
circle B F in 
i, ii, iii, etc. 
(smaller Bo- 
man figures). 

From each 
of those points, 
as centres, de- 
Bcribo circles 
similar to tho 
generating 
cirole. 

Prom points 
V, iv, iii, ii, i, 
set off on the 
cirolea resting 
on them the 
lengths VI 5a, 
4a, etc.; and 
through the 
points thus ob- 
tained — viz., 
16, 26, 86, etc. 

the epicy- 
cloid is to 
drawn. 

When tha 
generating cir- 
cle rolls inside 
instead of out- 
side the direct- 
ing oirolo, the curve traced is the hypocycloid (Pig. 64). 

It is oonstmoted in precisely the same manner as the epicy- 
cloid, excepting that the lengths vx 5a, etc., arc set off from 
V, IV, III, eto., inside instead of ontsido the directing odrcle ; 
and the pennts 5c, 4c, 3c, etc., are thus obtained. 

H the diameter of the generating oirde were equal to the 



and 1, on the oirolea rea^g on the points numbed correspond- radius of direo^g cirole — that is, if vi 6 extended to a— a 
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point in the gfenerating drole, instead of generating a curve, 
wotdd trace a straight Uae, 

To construct a square equal in a/rea to a given quadrilateral 
figure, A B c D (Fig. 65). 

Draw the diagonal A c, and bisect it by a perpendicular. 

B and d draw lines parallel to A o, and cutting the 
perpendicular in E and f. Draw a line bisecting s f in o, and 
from A draw a line parallel to B F, and cutting this bisecting line 
in o. Find a mean proportional between o b and o Q — viz., o h. 



Set off the length o H (the senu-diagonal) from o on b f and 
o Q — viz., I, J, K. Join HUB, and the square will bo equal to 
the quadrilateral figure A B C D. 

To construct a square which shall he equal in area to two 
other squares added together (Fig. 66). 

Place the two squares so that a side of the one, as A b, shall be 
at right angles to one side of the other, as B e. Draw the line A B. 

Now, according to Euclid (I. 47),* “ In any right-angled tri- 
angle, the square which is describe upon the side subtending 
the right angle, is equal to the squares described upon the sides 
which contain the right angle.” And it will be seen that A B e 
is a righbanglod triangle, and that the squares abcd and befg 
are described upon the sides of it which contain the right angle; 
and therefore the square aehi, which is described on (the 



b3rpoth6nuse) a b, which subtends the right angle, is equal to 
the sum of the two other squares. 

To construct a squa/re equal in a/rea to any number of squares 
added together (Fig. 67). 

This is done by merely carrying on the process shown in the 
last figure. Let it be required to construct a square, which shall 
be equal to the areas of the three squares of which A, B, and c 
are the respective sides. Place b at right angles to a, then 
the hypothenuse d would be the side of the square equal in 
area to the squares constructed on A and b. Place o at right 
angles to d, draw e f, and construct a square upon it ; then 
2 F B a is equal to the squares construct^ on o and d, and 

* This propositiem is said to have been discovered by Pythagoras, a 
disciple of Thales, who, after travelling in India and Egypt in pursuit 
of knowledge, settled In Tarentnm, in Italy,* where he founded the 
celebrated Pythagorean school, 550 years b.o. 
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therefore equal to the squares oonstruoted on ijl three linesi 
Any number of squares may be thus added together. 

^ To divide a given triangle, a B c, info two equal parts hy c 
line parallel to one of its sides (Fig, 68). 



Bisect one of the sides, as o b, in the point D, and erect the 
perpendicular D s equal to d c. From c, with radius c b, de- 
scribe an arc cutting o D in F. From p, draw F a parallel to 
A B, which will divide the triangle into two parts of equal area. 

To divide a triangle into two equal parts hy a line perpend'*- 
cular to one side (Fig. 68). 

From c, draw c h perpendicular to A b. Bisect A B in i. 

Find a mean proportional between b h and B i — viz., b j. 

From B, set off b k equal to b j, and the perpendicular e l 
will divide the triangle as required. 

To divide the space contained between the lines A B and c r 
into equal parts, hy means of lines parallel to A B (Fig. 69). 

Draw the lino B p perpendicular to A b, and set off on it 
equal lengths corresponding to the number of spaoos into which 
A B 0 D is to be divided— viz., 1 to 8. These spaoes may bo 
any size, but must bo equal. From e, with radius e 8, describe 
an arc cutting c D in o. Draw b a. IVom b, with radius e 7, 
E 6, E 5, etc., describe arcs cutting E o in h, i, J, K, h, jc, N. 

Draw lines parallel to i. B through these points, and the 
space will be divided as required. 

To draw a circle of a given radius, which shall touch another 
given circle and a straight line (Fig. 70). 



point which shall be the centre of a circle of a given radius, 
which shall touch the given circle and straight line. From o, 
the centre of the given circle, draw a radius and produce it. 
From the periphery of the oirole, and on this radius, set off 
F a, equal to d e. From- o, with radius o a, describe an arc. 
At any point, as h, in b c, draw a perpendiorilar, h i, equal to 
D E. From I draw a line parallel to B o, cutting the are drawn 
from o in j. From 3, with the required radius, describe a oirole, 
which (if the work has been acewrateVg done) will touch the 
given circle and straight line* 
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PRACTICAL PERSPECTIVE.— VI. 

Pio. 28 18 ft perspootivo view of ft strong table or bench, 
the edge of the top of which is “ flush ’* with the legs and 
surrounding rail. . , j 

Having drawn the picture line and horizontal line, and 
having fixed the centre of the picture and point of distance, 
place the point b (the nearest angle of the table) at the required 
distance on the loft or right of the spectator. 

From B set off b c\ equal to the complete length of the table, 
and from b and c' draw lines to the centre of the picture. 

On the other side of b set off b d, the width of the end of the 
table, and from i> draw a line to the point of distance (not 
shown in this figure), cutting B C in d'. 

h’rpm d' draw a horizontal Une, cutting O' 0 in E. The fig^ure 
c' E I)' B will then be the perspective view of the area covered 
by the table. From b and o' mark off on the picture line b o 
and c' V equal to the thickness of the logs, and from o and F 
<iraw linos to the centre of the picture, cutting d' s in o' and f'. 

Now on the other side mark off b H equal to B o, and from D 
set off the same width— viz., d j. From H and J draw lines to 
the point of distance, cutting B d' in h' and J'. 

From h' draw a horizontal line, cutting a o' in o'’, and cut- 


rise from K, but in the present study this is hidden by the leg 
o B. The student is, however, recommended, when he has 
worked the present study, and understands the principles laid 
down, to change the position, for it will be evident that if the 
object were placed farther left, the point K would become 
visible. For the fourth leg, the upper port of which is hidden 
by the top of the table, draw perpen^culars from the points 
M, ii, r', and these will complete the object. The whole of the 
lines constituting the figure should now be thickened or inked. 

Fig. 29. — This study is merely another view of the last sub- 
ject, in which the end B o P D is parallel to the pioturo-plaae. 

The working of this will bo carried on in precisely the same 
manner as the last, with this exception, that in string, the 
points B, H, J, D are marked on the picture-line, and ^es drawn 
from them to the centre.of the picture. Then the points o, P, o' 
are marked, and linos drawn to the points of distance, all of 
which is the reverse of what was done in the last figure ; and 
thus it will be soon that the figure B D o' B represents the plan 
of the table with its narrow end towards the spectator, whilst 
the long side is soon receding from the plane of the picture. 

The lines and points are lettered to oorrespond with those in 
the last view, so that the change of position may be clearly 
traced. It is not necessary to repeat the working. 



ting p F' In I and O' E in c”. From .r' draw a horizontal lino, 
cutting o o' in K, and p p' in L and c' e in m. 

It will then be soon that at tho comers of tbo original area 
tho plans of tho four foot are delineated — viz., c' p i c", a b h' o", 
M L p' F., K y b' o', and a complete ground-plan of the table is 
thus put into perspective. Now proceed with projecting the 
table itself, in the following manner : — 

At c' and b erect perpendiculars, make these the required 
height of the surface of the table, and draw the horizontal N o. 

J From N and o draw lines to the centre of the picture. 

Draw a perpendicular nt d', meeting o c in p. Draw tho 
orizontal P Q, which will eomploto tho block of the table. 

Draw the horizontal u for tho lower edge of the plate of the 
table, and from tho point where it meets the perpendioular B o 
draw a line to tho centre. 

Now draw the porpondiculnrs p, o, nf, and y, and the hori- 
zontal s, between P and o, for tho framing of the table. 

This framing is mortised into tho legs, and therefore the line 
must not be drawn across tho linos f and o, which represent 
the edges of tho logs i but as it is necessary to find the correct . 
] position ot tbiB framing on tho perspective side, produce 8 I 
lightly to tlio angle T, and from t draw a line to toe centre of i 
the picture. Strengthen this line only between tbe points Band v. ' 

Strengthen that portion of the horizontal y k which lies 
between j' and the porpendionlar h'. It will be easy to under- 1 
stand that toe inner ed^ of the distant of the table would ' 


Exebcise 14. 

Scale, } inch to the foot. Height of the speotator, 6 feet ; distance, 
18 feet. 

Put into perspective a cross made of stone foot square— total 
length of the upright, 12 feet ; length of the arm, 7^ feet. The arm 
crosses the upright at 7^ feet from the bottom of the upright. 
Draw a i>lain elevation of this cross, and then project a perspective 
view when lyiug on tbe ground, at 3 feet on the left of the speotator, 
iu such a manner that the end of the arm is parallel to the picture- 
plane, and is in the immediate foreground. 

Exebcise 15. 

Put into perspective the same cross when lying on the ground, so 
that the lower end of the upright is parallel to the pioture-plaue and 
6 feet within tbe piotuin: all other measurements ut pleasure. By 
this term— frequently used iu examination papers — is meant that the 
student may fix his own dimensions, so long as he shows that he under- 
stands the working out of the principle. 

Exercise 16. 

Scale, height, and distance of spectator at pleasure. 

There are two blooks of stone, 2 feet square at their base, and 8 feet 
high. 

block, ^ 

blooks being in one plane, that is, if a flat surface were placed against 
them, every part of the faces of ril three blooks would touch it. 

Put into perspective this object, when the plane of its face is 
parallel to the pioture.plano, and when it stands at 8 feet OB tbs lift 
of the speotator and 10 feet within the picture. 


PEACnOAL PEBSPECTIVE. 
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Exjbbcisx 17. 

Put into perspective the tame object when standing so that ite 
face is at right angles to the picture-plane, at 9 feet on the right of 
the spectator, and 6 fbet within the picture, 

Exbbcibb 18. 

Tlio height of the spectator iS’ 6 feet, his distance 18 feet, the scale 
being 1 inch to the foot. 

Pat into perspective the table which forms the subject of Figs. 28 


s, it will be clear that the apex of the pyramid will be 
ichers on the perpendicular raised on B. 

But this perpendicular lies within the picture, and therefore 
the trus height of the pyramid will be somewhat diminished ; 
therefore, draw a line from the centre of the picture, through E, 
and meeting the picture-line in T. 

V is therefore e brought to the foreground, and a perpen- 
dicular raised in T will represent the pexpendionlar X when it 



tiud 29 when standing at 4 feet on the right of the spectator and 6 feet 
within the picture — the long side of the object to be parallel to the 
picture-plane. The dime n s i ons of the table may be at pleasure. 

Exeboisx 19. 

Put into perspective the same object when its end is parallel to the 
Picture-plane—at 7 feet on the left of the spectator, and 5 feet within 
the picture. 

The object of the next stndy is to teach the method of making 
perspective projections of pyramids. 

Fig. 80. — Lot the length of the side of the base ho repre- 
sented by A B ; then, as has idready been shown, the perspective 
view of the pl^ will be the figures a b B. 

if the diagonals A o*' and b D he drawn, intciseoting in 


has travelled in a track at right angles to the pioturo nntil it 
reaches the picture-line ; and now those two lines ore said to be 
in one plane, beeanso if a wall extended from F to the centre of 
the picture, both these perpendiculars would be portions of the 
surface of. such wall or plane ; and thus a line drawn on the 
plane from any point in the perpendicular p, parallel to the 
base-line of the plane, would pass through the j>erpendionlar sl 

Now the plane supposed to stand on p c is at right angles to 
the picture ; and therefore p is drawn to the centre^ of the 
picture, and a line drawn from any part of the perpendicular f 
parallel to the ground-line must also vanish in the oontre of 
the picture. 

Therefore, mark on the perpendioular p the real height of 
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the pyraiuidr^-vu.) F g. From G draw a lino to the oentro of 
the piotnre, oattingp the perpendicular e in which ie the 
perspeotiye position of the apex. From A, B, c", and D draw 
lines to h, which will complete the figure. 

Fig. 31 shows the perspective projection of a pyramid when 
higher than the level of the spectator. Here the length of the 
side of the base is a b, and from A and b lines are drawn to the 
centre of the picture. Then from B a lino drawn to the point 
of distance gives i>, the distant angle, and the horizontal D i 
completes the view from below of the base of the pyramid. In 
this there will thus already be one diagonal— viz., B d : draw 
the second, A i, intersecting B D 
in K, and at E erect a perpendi- 
cular. From the centre of the 
piotnre draw a line through E, 
meeting A B in F. At F draw a 
perpondioular, and on it mark the 
real altitude of the pyramid— viz., 

F o. From G draw a line to the 
centre of the picture, cutting the 
perpendicular b in h. Then H is 
the position of the apex. Draw 
lines from a, b, i, and d to h, 
which will complete the projection. 


\ 
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Exebcibe 20. 

The height of the spectator is 6 feet, and his distanoe 15 feet. 
Beale, \ inch to the foot. 

Put into perspective a pyramid, the hose of which is 6 feet square, 
and the altitndo of which is 8 feet. The pyramid stands at 5 feet on 
the right of the spectator. 

Exbboibb 21. 

Put into perspective the same pyramid when standing at 4 feet on 
the tight of the spectator, and at 8 feet within the picture. 

Exebcibe 22. 

The same picture and the same horizontal line, etc., to he used. 

Put into perspective a block, 9 
fbefc high, and 4 feet square at base, 
with a pyramid 5 feet high resting on 
it, its edges corresponding with those 
of the upper end of the block. The 
oljeot is to stand 5 feet on the left of 
the spectator. 


Pig. 83. 


Pig. 33. — In this figure the ob- 
ject represented is a structure con- 
sisting of four square piers sup- 
porting a pyramidioal roof. 

It will at once be seen that this 
is a further development of the 



Fig. 32 will, it is believed, require scarcely any explanation. 
It represents merely a cubical figure placed on the right of the 
spectator, and on this rests a square pyramid. 

Having drawn the block, and rendered it as if transparent, 
draw diagonals either in tho upper surface of the base, or in the 
under su^aoe of tho top, and through tho intersection of tho 
diagonals in either the one, tho other, or both, draw a perpen- 
dicular. 

Prom the centre of the picture draw a line through the inter- 
fiootion of the diagonals, cutting the picture-line, or the upper 
edge of the oubioal figure. On tiiis point raise a perpondioular, 
and set off on it the real height of the pyramid above the block 
on which it stands. 

FiH}m the point thus marked draw a line to the centre of the 
picture, which, cutting tiie perpondioular rising from the inter- 
soci ion of the diagonals, will give the perspective height of the 
pyramid. 


subject of the last study, tho block being, as it were, hewn 
away, leaving only the piers standing at the angles. 

Tho position, height, and distance of the spectator having 
been fixed, mark the position and width of the base, and pat 
the whole ground-plan into perspective, oa already shown in tho 
study in Fig. 28. On this plan erect the piers ; and tho line 
carried round, uniting the outer edges of the tops of the piers, 
will form the base of the pyramid. 

Draw diagonals in tho base, and at tiieir intersection erect a 
perpendicular. From the oentre of the picture draw a line 
passing through the intersection of the diagonals, and meeting 
the edge of tho base of the pyramid. At this point draw a per- 
pendicular equal to the altitude of the pyramid, and from its 
extremity draw a line to the centre of the piotnre, cutting the 
distant perpendicular in a point, which will be the apex of the 
pyramid. To this point draw lines from the angles, and these 
I will complete the projection. 
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mining and QUAKKYINa— IL 

By QsoBcn Oladstoitb, F.C.S. 

COAL. 

nfPOBTAKCX OF <iOAL — AlTHtTAL CON«tJltPTION — ^IXTFNT OF 
SITFFLT*— OBOORAPEICAL DISTBIBXTTXOK. 

Coal is so wsentiAl in aU mining and metallnrgical prooosses, 
that it fitly takes the first place in the present series of articles. 
Fnd of one tsort or another is of oonrse to be found in every 
country under heaven; but fuel of a sufficient heating power, 
and at a comparatively reaeoxiable price, is one of the most 
important elements in the prosperity of a nation. 

Great Britain is singolarly blest in this respect. The sup- 
plies are la^. Some people may, perhaps, be disposed to think 
that this is not altogether ah unmixed good; for (whether 
fortunately or not to succeeding generations) the extent of the 
supply, and the convenient situation of many of the coal-fields 
to ports of shipment, naturally encdurage exportation on a 
large scale to foreign parts. Both the home consumption and 
the export have indeed increased of late years with such rapid 
strides, that alarmists have been raising the cry of tho early 
exhaustion of our coal-fields. 

This led to serious inquiry into the matter, and very different 
•opinions were arrived at by those best qualified to judge. One 
geologist, writing in 1861, estimated the total available supply 
of tho British coal-fields at 79,848,000,000 tons, which at the 
rate of consumption of 1859 — ^viz., 72,000,000 tons — would make 
it lost 1,100 years. But the writer did not shut his eyes 
to the fact that the annual consumption was increasing at a 


A very complete and careful series of observations on the 
increase of temperature was made years ago at Duldnfield 
OolUeiy (Oheshtre), which favours the supporters of the lower 
level, as it was then found that the rats of increase was only 
equal to 1^ Fahrenheit for every 84 feet from surface. The 
temperature at the great depth of 2,055 feet was only 75*5* F. 
It may be that some local circumstance favours the miner in 
this pariioular colliery ; for it is not altogetiier borne out by 
simil^ investigations in other oolUerieB, though they seem to 
indicate that the rate of progression in coal mines is soarc^y so 
rapid as in others. At Wigan a temperature of 80^ was re- 
corded at a depth of 1,800 feet, and at Monkwearmouth c 
similar rate of augmentation has been registered— -vis., 1^ F. t^ 
every 60 feet. It is not unreasonable to suppose that consider- 
able differences in temperature may bo due to the nature of the 
rocks through which the shaft passes, so that it may hardly be 
right to compare a colliery in this respect with a Cornish tin 
mine ; and for our present purpose we may fairly take 1® in 
60 feet as our datum. 

2. The thickness of workable coal in any coal-field is also, 
to some extent, a matter of opinion. It wonld be a simple 
affair if the coal were all in one seam, but that is not the order 
of Nature. In Bc^ne ooal-fields there are twenty seams or more ; 
it rarely happens that there are less than four or five. There 
is no regular rule that can be laid down as to the limit in 
respect of thiokness at which a seam of coal ceases to be work- 
able. In some parts of the country much thinner seams are 
worked than at others ; and there can be no doubt that an 
important increase in the value of coal would lead to tho work- 



Fig. 5. — LOWEB LEVELS OF THE BAREMOOE COLLIERY, SOUTH STAFFORDSHIRE. Scale, 1 inch =: 176 foet. 

1, tho two-foot coal ; 2, the Broach cool ; 8, the Herring coal ; 4, the Broach binds ironstones ; 5, the thick cool ; 0, tho Grains and Gubbiu 
ironstone ; 7, the first Heathen coal ; 8, black batt and fire-clay ; 9, the second Heathen coal ; 10, cake and white ironstones. 


rapid ratio, and he accordingly allowed in his calculations for 
an annual increase of 1,500,000 tons. The effect of this 
allowance was to reduce the 1,100 down to only 325 years I 

The increase of 1,500,000' per annum was based upon the 
statistics of the previons five years ; but in 1876 the produc- 
tion was no less than 183,345,000 tons, representing an average 
increase between 1859 and 1876 of no loss than 3,600,000 tons 
per annum. In the face of such astounding facts as these, it 
seems almost futile to attempt an estimate of the probable 
duration of our coal-fields. One thing is certain, that every 
right-minded person must hail with gratitude every invention 
of modem soienoe which tends to economise the consumption of 
fuel. 

The elements that have to be considered in the calculation of 
the available supply ore rather numerous. 1. The depth to 
which workings can bo carried. 2. The thickness of workable 
coal in the various coal-fiolds. 3. Their area. 4. The extent 
to which they are already exhausted. 5. The probability of 
extending their area, or of opening up new fields. 

1. In tho previous paper* it hM been shown that in oonse- 
quenoe of tho natural increase of temperature a mine will bo suffi- 
ciently hot (viz. 80®) at a depth of 1,750 feet. But in order to 
get an available supply of 79,848,0(KI,000 tons, it is calculated 
tha.t ooal-mining will have to be carried to a depth of 4,000 feet. 

of course, would be impossible without artificial con- 
trivances ; but, however shallow a coal mine may be, the venti- 
lation must be attended to for the purpose of carrying off the 
dangerous gases. The means of ventilation are therefore weH 
jmderstood by miners, and Its effect in cooling the air of mines 
» well known; so that with such improvements as may be 
made in the course of years, we may fairly take 4,000 feet as a 
Feasonable limit. Some persons anticipate the possibility of going 
fiown 5,000 feet, but the former figure will be adopted here. 

* 29— N.E. 


ing of many thin seams which are now altogether nogleoted. 
Those only two feet thick have been worked before now in some 
districts, and probably the time will oome when all such seams 
will be made use of, though on economical groonds that will 
not take place until the thioker seams are well nigh exhausted. 
Some seams, moreover, are very liable to change in this respect, 
so that the thiokness observed in one workiDg is no criterion for 
others even in the same neighbonrhood. In I'^ig. 5, which repre- 
sents the lower levels of Baremoor Colliery, in the South 
Staffordshire ooal-fiold, an illustration is afforded of the great 
changes which occur in what is known there as the ** thick ooal.'^ 

In the old pit marked A, the seam is 31 feet thick; at the 
new one, b, only 9 feet ; while at the other end of the diagram, 
c, it is seen to be still thioker than at A. This cannot but be 
regarded as an extreme instance, for it is the thickest known 
seam in the British isles ; but it is no uncommon thing for one 
that is well worth working in one pit, to thin off so much as to 
bo of no commercial value whatever in a neighbouring colliery. 
Until, therefore, every seam has been thoroughly explor^ 
throughout all the ooal-fields of Britain, this element of uncer- 
tainty must attach to all calculations. 

3. Tho area of the coal-fields may be taken at about 4,500 
square miles ; but in many places coal is now worked beyond 
these limits, being overlaid by more recent strata ; and if a depth 
of 4,000 feet be realised in practice, more than 1,000 square 
miles will probably have to be added to tiie previous figure. 

*4. The. operations at some of the ooal-fields are yet almost 
in their h^anoy, while others have seen their best days. For- 
merly the workings were carried on with less system and more 
wastsfully than now, and ^ome of those in the iron districts, 
such as the neighbourhood of Birmingham and Ooalbrook Bale, 
have suffered very considerable exhaustion. Even in these 
tiiere is still a large quantity of ooal which can be saved by 
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jiidicloni working. It will be erident, however, that in forming 
aaj eetimate of the qnantitiee remaining, each coal-field moat 
be eeparately coneidered. ... , - 

5. Ac to the probabilitjof extending their area, and of opening 
np hew field!, a considerable difference of opinion exists. This 
point can only be determined by actual borings. It has b^n 
foi^d that the superior strata in parts of the midland counties 
axe not so thick as had been supposed, and that the Carboni- 
ferous rocks are within a practicable depth. Nottinghamshire 
will thus offer a considerable addition to the estimated supply. 
Nor is there any substantial reason why workings should not 
be carried some little distance under the sea. 

Adopting, then, the data furnished by the Geological Survey, 
and only those seams which are 2 feet thick and up* | 

wards, and, which do not exceed 4,000 feet in depth, Mr. Hull i 
arrived at the calculation that 79,843,000,000 tons of coal still 
remained available.* 

The various coal-fields lie in patches extending from Glouces- 
tershire and South Wales up to the extreme north of England ; 
and in Scotland on both sides of the Forth apd Clyde, and in 
Ayrshire. In Ireland there is a wide extent of Carboniferous 
rooks, but the beds of coal are very uncertain, and are only 
worked to a very small extent. 

The South Wales oosl-field covers an area of about 900 
square miles, and its annual produce m%y be taken at 
16,000,000,000 tons at least Its commercial value is con- 
siderably enhanced by its geographical position, having the 
Bristol Channel for its southern boundary, and by the fact of 
the coal seams being interstratified with bands of ironstone. 
The facilities for sldpment of the coal at Swansea, Cardiff, 
Newport, and other ports, have led to a very large export j 
trade ; and the presence of iron ores in such abundance has 
created an immense demand for oosi in the smelting and pud- : 
dling works, and rolling mills. A peculiar feature of this coal- 
field is that the character of the c^ materially alters as you 
proceed downwards, and from east to west. The seams at the 
eastern extremity are more or less bituminous, the upper being 
more so than the lower ; in the middle of the coal-field they 
are semi-bituminous and anthracitic (the latter lowermost) ; 
and in the extreme west there is none but anthracite. 

The Midland coal-field, extending continuously from Leeds 
through Sheffield, and nearly to Derby, is, induing the cool- | 
ground in Nottinghamshire, overlaid by more recent formations, 
more extensive t^n the preceding, and will yield a considerably 
larger supply of cool. The produce of this great inland district 
is almost entirely consumed at home. In this region some very 
excellent iron ores are obtained, from wMoh the best iron in 
the kingdom is made. The coal underlying the Permian and 
Triassio rooks on the eastern side of this coal-field has been 
worked as yet to only a very small extent. 

The Newcastle field supplied London almost exclusively before 
the time of railways, the coal since brought to London by rail 
being principally raised in the midland counties. A very large 
quanti^ is exported to foreign parts, owing to the facilities of 
shipment at Newcastle, Sunderlwd, l^rtlepool, and other ports. 
Both in area and in produce this is decide^ less than either of 
^e two preceding, though about the double of any of the rest 
in England and Wales. It contains several valuable seams, 
each having its special advantages. One produces a strong 
semi-bituminous coal, very suitable for furnaces ; another, the 
best quality of household coal ; a third, a good gas coal, yielding 
also a good coke. The district is traversed by a great whin 
dyke, which crosses the country in an east and west direction, 
on a line with the I^e valley, by which the strata on the south 
side of the dyke are thrown down no less than 540 feet ; the 
eastern end ^ this dyke may be seen to advantage at Tyne- 
mouth, where it juts out into the sea immediately on the north 
side of the harbour. Contrary to the rule whi^ prevailo so 
generally in other parts of the country, there is but little iron- 
stone to be obtained in this coal-field. 

The South Lancashire is the next in respect to size, and cbn- 


* In this oonnectioa the reader might usefully consult the chapters 
(rol. ii., pp. 87 — 194) on the Oarbouilerous System in ** Our Earth 
and its SUwy *’ (CaassU 4 Co.), and especially the section in which Dr. 
Robert Brown ffiecussea the question of the exhaustion of the ooal- 
fleldi of Great Britain (pp^ 116—119). 


tains a very great thickness of workable coal ; but it is troubled 
with numerous faults on a large scale. At Wigan, the oannel, 
which is very valuable for gas works, is three feet thick •, but 
it gradually thins off in every direction from that p(wt. 

The South Staffordshire has already been mentioned as illus- 
trative of the irregularity in the thickness of some seams. What 
goes by the name of the thick or ten-yard coal is, in fact, about 
a dozen different seams all united t(^ther. It (jfenerally runs 
about 80 feet thick ; but at Foxyard^s Colliery, near Dudley, it 
measures 89j) feet, including six thin partings of shale, the 
solid ooal being equal'to SCJ feet. At t^ spot, owing to con- 
siderable nphMvings of the strata, the coal crops out at the 
surface, and for about 100 yards in length it is worked as an 
open qnarry, with a faoe of 40 feet in height. It is the only 
instance in this country of an open ooal-working upon such a 
scale. This is in the centre of die ** Black Country,*’ properly 
BO called, a district almost wholly given up to the ooal and iron 
trades. The consumption of coid at the iron works is now bc > 
great that, notwithstanding snoh a seam as this, the process of 
exhaustion is going on with great rapidity. There is one seam, 
here which bears the inelegant bnt appropriate name of ** stink- 
ing ooal ; ** it is altogether neglected, as it oontains so mnoh 
I sulphur that the fumes from it, if used for domestio purposes, 

I would be intolerable, and it is absolutely useless for making 
iron, a very small admixture of sulphur being most injurious 
I to this metal. 

I The less important coal-fields do not require separate notice. 

! They are the North Staffordshire, the Bristol, the Forest of 
Dean, the Denbighshire, the Flintshire (which contains soma 
very good oannel opal), and a few others. 

The Scotch are important in more respects than one. The 
Clyde and Ayrshire fields actually join at some points, and they 
are one in their principal features. They furnish a strong 
slow-burning ** splint” ooal, which is associated with the cele- 
brated black band ironstones, the splint being very suitable for 
the operations of the smelter. The notorlpUB Boghead oannel 
also occurs in limited portions of this field ; it is the best oannel 
in the whole kingdom, and is highly valued, though the Beam 
only averages about foot thick. The Lesmahagow ooal basin 
lies a little to the south. It is of limited area, but is likewise 
rich in cannel of very excellent quality. The total area of the 
Scotch coal-fields exceeds 1,700 square miles. 

In Ireland Carboniferous rooks occur ; but the ooal is of no 
I great value, and it is only worked to a small extent. The 
available quantity is too doubtful to justify its being included in 
the gener^ total. At Kilkenny anthracite is the staple article. 
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MEASURING INSTRUMENTS (continued). 

The working of the commutator used in the Ayrton and 
Perry Horse-shoe type of ampere-meter will be understood 
from Figs. 34 and 35. 

Each coil is connected between two upright pieces of brass 
marked ^ and between these brass uprights 

revolves an ebonite drum carrying two platinum strips, one at 
each side. When the instrument is to be used for strong 
currents these strips connect all the coils np in parallel, as 
shown in Fig. 34, and the points marked p, p fi, form the ter- 
minals of the instrument. 

The ebonite drum is also pierced by eleven projecting 
metallic pins at right angles to the diameter oenneoting the 
strips. When the drum is then turned through a right angle, 
these pins make connection between the opposite brass uprights 
and connect up all the coils in series. This condition of affairs 
is rimwn in Fig. 35, the end of the first ooil, •§, bring joined by 
the pin, p,, to the l^t^nning of the next coil, /s, and the other 
end of this coil, Sg, by the pin,|>t, to the beginning of the follow- 
ing ooil, S4. When in this position the points marked s and F 8 
form the terminals, and the instrument is exactly ten times as 
sensitiye as when Ihe coils were in parallel 

This ampdre-meter fulfils four of the six conditions laid 
down in the last chapter; it is direet-reading, one degree 
I * 
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oorreapondiag to one »mp^ ; it i« dend*bee.t, owing to the 
powerful oontrolling force need, and the ewa M moment of 
inertia of the moTing pa«t; it ia oompaot and portable, and 
will stand a lot of rough usage without gettbg out of order | it 



Fig. S4.—co]afUTATO& in parallel. 


can be need in any position quite close to dynamos without in- 
troducing any appreciable error into its readings ; a single 
observation with the copper voltameter or some standard in- 
strument serves to calibrate it. The two conditions that it 
does not fulfil are, that it cannot measure alternating currents, 


r K 


Fig. SS.—COMXUTATQB IN 8BRIBS. 

and that its oontrolling force is not constant. The powerful 
horse-shoe magnet gradually loses its strength under ordinary 
circumstances, and tuddenly it it gets a severe shock. The 
readings will then be too high for the currents which produce 
them, but ^ey wUl still be proportional. Hie instrument can 
be made direct-reading by screwing out the soft iron cores, f f. 

AYRTON AND FEBRY*8 SPRING AUp£bE-UETSR. 

It is a well-known fact that the deflections on any galva- 
nometer are praotioally proportional to the currents that 
produce them, provided those deflections are extremely small. 
Any galvanometer of sufficiently low resistance might then 
be used as an ampere-meter if the extremely small motion of 
the moving part could be so magnified that the amount of 
that motion could be read with ease and accuracy. This object 
is attained in the Thomson galvanometer by throwing a b^m 
of light on a mirror attached to the moving part (wMoh must 
be delicately suspended by a single silk fibre), and reflecting 
t^ beam on to a scale fixed at a convenient distance : the 
distance moved by this spot of light on the scale will be pro- 
portional to the current which d^eots the magnet. This sys- 
^ would dearly be useless in the case of an ampere-meter, and 
it has been fouxid equally impossible to magnify a small motion 
^7 nny system of gearing. This end, however, has been accom- 
plished in the spring impere-meter by means of a peculiarly 
constructed spiral spring, which not only magnifies a small' 
mottoUi but also supplies the oontrolling force in the instrument. 


This spring oonsists of a thin ribbon of phosphor bronse (illus- 
trated in Fig. 86) wound in the tern of a spiral. 

Such a spring possesses the peenliar property that if it be 
stretched it nnwinds itself, and the 
amount of rotation of one end relatively 
to the other is exactly proportional to 
the distance the spring has been length- 
ened. 

Fig. 37 shows the complete form of 
this instrument. 

The spiral spring is marked 8, and is 
firmly attached at its lower end to the 
brass oap, c, and the pin, p, which acts 
as a pivot ; its upper end is attached to 
the pin, p, which passes through the 
glass top of the instrument, o o, and is 
rigidly clamped by means of the milled- 
head screw, h. Ibe brass oap, o, sup- 
ports a very thin soft iron tube, tt, 
which projects Above the level of the 
scale, and to which is firmly fastened a 
light aluminium pointer which moves 
over the graduated card. The space, 
w w, contains the coil through which the 
current passes. 

When a current passes through the 
coil, w IV, the iron tube, T, becomes mag- 
netised and sucked down into the coil. Fi^» 36. — spring of 
This motion of the iron lengthens the the spring am- 
Bpring by an equal amount, and it oonse- PfiRB-MSTBR. 
quently unwinds itself. This motion of 
rotation is communicated by the lower end of the spring to the 
iron tube and thus to the aluminium pointer, which indicates on 
the scale the strength of current which produces the motion. 
A small axial extension of the spring is thus transformed 




into a large angular motion without friction and without com- 
plicated apparatus. The division! on the scale are all t!ie 
same size, and a mirror under the pointer eliminates the 
possibility of any errors in reading due to parallax. 

In orto that the readings shonld be proportumal to the 
currents producing them, it is necessary that the soft iron 
tube should be always magnetised by the onnrent passing to 
exactly the same extent^ no matter what was the streiigth of 
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that oomnt. This and can onl j be attained by idwaye keeping 
it thorongbly satarated or magnetieed to lie greatest possible ex- 
tent. It is neoessary then to arrange natters so that the smallest 
current which the amp^^meter is intended to measure should 
n*gn«tise the core as highly as the strongest which it is 
eapi^ of neasnring. In the instruments in use this oon- 
ditidn is satished by having a rery small mass of iron in 
#ie oosei and haring that iron as soft as possible in order to 
avoid residual magnetism. Currents flowing iu either direo- 
Uda ean * be measured, but not alternating onrrents. Owing 
to the faot that it requires a definite strength of current to 
saturate the iron ‘oore, the instrument is not direct-reading 
throughout its ^tiro range ; in faot, it cannot be used for 
measuring ourxents below one*ftfth of the maximum current 
rriiieh the instrument is intended to measure. 

These iustoammits give readings proportional to the currents 
flowiag through them, but in order to make them dlreot- 
readhig, a seooud eoU is used of the same length as the original 
ooil» ^t movable, and capable of sliding up and down outside 
it. This auxiliary coil is moved on the osiginal one with 
iSoM current flowi^ through both, till a position is found in 
whibh the pointer points to the division which indicates the 
number of amperes flowing. In this position it is per- 
ibanmitly fixed, and no further adjustment should be necessary. 

The direction of the current flowing through the ampere- 
meter is shown by a small needle placed at its base. When 
the blue end of this needle points inwards the current is then 
entering the instrument at the terminal marked ▲. 

This ampere-meter possesses all the good points of the 
Horse-shoe type, besides many important improvements. It 
can bo used quite close to dynamos without affecting the 
accuracy of its readings, and as it possesses no permanent 
magnet the value of those readings is not changed by time. 
As the movement of the iron oore is extremely small, it has 
all the advantages of a zero instrument without the disadvan- 
tage of haying to make an adjustment to bring it to zero. 

Its principal disadvantages are that it cannot measure 
alternating currents, and its range is somewhat limited ; but 
notwithstanding these points, it is a most satisfactory in- 
strument, and undoubtedly the best for ordinary oommoroial 
work which has yet been put on the market. 

VOLTMETERS. 

In order to find the energy being expended in any oironit 
through which a current is flowing, it is nsually most con- 
venient to measure the strength of the current and the x.m.f. 
driving it, and from these data to make the neoessary oaloula- 
tioD. The current can be measured by any of the instruments 
which have just been described, but in order to measure the 
E.M.F. a voU^mUt must be used. A voltmeter must have an 
extremely high reiistaaoe in comparison with the resistance of 
the oirouit In which it is being used. It really measures the 
current flowiiig through it; and as its resistance is constant, 
this odrrent is propoi^onal to the b.ic.f. which drives it. 

The korse-shM type of voltmeter due to Professors Ayrton 
and Perry dUSers but slightly from their ampere-meter. It has 
the same arrMigenient of magnet, needle, coils, and commutator ; 
but tbe recistanoe of the coils, instead of being a negligible 
quantity, is a high resistance made ' up of many turns of fine 
wirS. At the left-hand near comer of the voltmeter there 
is a plug which, when ti^en out, inserts a resistance in series 
with the coils equal to the resistance of the coils when in 
pstfallel. This ooU is used only lor calibrating the instrument, 
whitfli is a simple operation seqnisiug only a oonitant cell of 
known I.X.F. 

It may be done by turning the oommntator to parallel, and 
sending a current from the cell through it, noting the deflection, 
which may be called di. Now withdraw the ping, and the 
defleotion will deorease ; let it be called d,. Then if x = the 
E.M.F. of the cell, and x == the constant of the instrument 
which we want to todf 

then K:=rx 

di da 

The soft*iron oores should now be adjusted till this value of x 
equals uni^, whan the voltmeter will be direct-reading. 

The objection to this instrument, besides ikose mentioned 
when speaking of the nmptre-meter, is the diffioulty ex- 


perienced in winding so much wire properly in such a small 
space, and the large quantity of heat which is generated in the 
small space in whiph the ooUs must be wound, if the current is 
kept on for any length of thus. 


BviwwG 

Xff EOOFS axtrXftA^T. 

Tkb term roc/ seems derived from the 9a«on word krif, or, 
perhaps, a contraction df the Oermau words J9w*cu^ (upon 
here), and, as is well known, means the wr&t oar top of a build- 
ing, generally consisting of two sloping siMSj thmigb booation- 
ally ^ other figures. 

The ancient EgypUans, Babylonians, Persiansi m WsUsp other 
Eastern nations, had their xoofs quite flat. The Gxedks appear 
to have been the first who made their roofs with a slant each 
way, from the middle to the edges. This was very gentle, the 
height from the ridge to the of ^ waQs not exceeding 
one-eighth or one-ninth of the span, as may be seen by many 
ancient temples now remaining. In Korthom climates subject 
to heavy rains and falls of snow, the ridge must be very con- 
siderably elevated. In moat old buildings in Britain, the equi- 
lateral triangle seems to have been oonsidered the standard both 
in private and public edifices, and this pitch continued for 
several centuries till the disuse of what is called €k>thio archi- 
tecture. The ridge was then made somewhat lower, the rafters 
being three^fourths of the breadth of the bnilding. This was 
oidled the tru» pitch ; but subsequently the half-square seems 
to have been oonsidered the true pitch. 

The heights of roofs were gradually depressed from the half 
square to one-third of the width, and from that to a fourth, 
which is now a very general standard, though they have even 
been executed much lower. 

There are some advantages in high-pit(fl>«^ roofs, as they dis- 
charge the rain with greater facility; the snow oontmues a 
much shorter time on the surfaoe ; and they are less liable to be 
stripped by heavy winds. 

Low roiffs require large slates, and the utmost care in their 
execution ; but they have the advantage of being much cheaper, 
since they require timbers which are shorter and of less scant- 
ling. ITl^n exeouted with judgment, the roof is one of the 
prinoipal ties to a building, as it binds the exterior walls to 
the kterior and to the partitions, which act like strong oounter- 
forts agaizist them. 

Boofo are of various forms, according to the nature of the 
plan, and the law of horizontal and vertical leotions. The most 
simple form of a roof is that which has only one row of timbers 
arranged in an inclined plane, which throws the roof entirely 
on one side ; this is called a “ lean-to *’ or shed roof (Fig. 141). 

The most general roof for an oblong building consists of two 
rectangular planes of equal breadth, equally inolined, and ter- 
minating in a line parallel to the horizon. Gonseqnently, ita 
form is that of a triangular prism, each side being equally in- 
olined to the plane of the wall-head ; this is genezelly called a 
“ pent roof.** Fig. 142 is the end view, or gable,** and Fig. 
143 is the plan of such a roof. 

When the plan is a trapezium, and the wall-heads properly 
levelled, the roof cannot be executed in plane surfaces, so as to 
terminate in a level ridge. The sides, therefore, instead of 
being planes, are made to wind in order to have the summit 
parallel to the horizou; but the most eligible method is to 
make the sides of the roof planes, enclosing a level spa<^ or 
flat, in the form of a triangle or trapezium, at the summit of 
the roof. 

Boofs flat on the top are said to be truncated. These are 
chiefly employed vrith the view to diminish the height, so as not 
to predominate over that of the walls. 

"^en idlfour sides of the roof are formed by inolined planes, 
it is called a ** hipped roof ** (Figs. 144 and 145), in which case 
two of the inclined sides— namely, those which slant from the 
long sides of the building— will be trapem)id$, and ike other 
two iriangUB. 

But if the building to be covered be iquave (Figs. 146 and 
. 147), and idl the slides slant equally, the ro^ wUl form a square 
pyramid, for the projection and devdepment of which sea 
lerao n s iu ** Projeoi^n.’* 
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A bnildliiff hvrmg a hipped roof oonaietfi of a square prism, 
on which a triangalar prism rests, bat the ends of the prism ore 
glanted off. 

When the planes of roofs, instead of being continaed ^til 
they meet in a ridge, take another slant at a certain height, 
they are called ^‘ourb ** or ** Mansard^* roofs (Fig. 148), from 
the name of their inventor, a great French architect* who lived 
in the sixteenth oentory. They are mnoh employed in France, 
and are henoe often called “ Frenoh roofs,** Wh^ the plan of 
the roof is a r^rnhur polygon, a circle, or an e^pse, the hori- 
zontal sections being all wmiliu* to the base, and the vertical 
section a portion of any onrve, convex on the outride, the roof 
is called a dome. 

We will now enter more particalarly into the opnstmotion of 
a roof, in order to explain the principles which guide the 
designer, and to give ^e names of the different timbers em- 
ployed. 

It has already been stated that a badly-designed roof may 
prove ibe ruin of an entire bnilding by forcing the walls ont- 


feet of the rafters together, they are mortised into a beam 
called the t%e»heamt in such a maxmer that they cannot spread 
outward, and this is the first step towards ^e proper con* 
struotion of a ^f. Wall-plates have already been mentioned. 
They are timbers laid on the tops of the walls to prevent the 
roof-trusses pressing on one particular part, and to spread 
the pressure along the whole length. Bating on these, 
and crossing the entire width of the bnilding, the long timber 
He-heem is placed ; and the very manner of pkouig it is such 
that any weight pressing on it may bear downvmrd and not out* 
ward, and thus it Ides ^e walls together ; into this the rafters 
are mortised, in one or other of the methods already shown. 

The rafters are not allowed simply to meet at the top, but 
abut against the slanting part of an up^ht, called the kmg» 
posit the purpose of which must not be misunderstood. 

Casual observers might imagine that the king-post rests* upon 
the tie-beam, and supports the rafters at their junction ) but it 
does no snoh thing, rafters abutting against the tie-beam 
meeting at the top and forming a triangle, because the two 



ward ; whereas, if constructed on correct principles, it will tend 
to tie them together, and so give firmness to the whole struc- 
ture ; and it has also been mentioned that the most generally 
adopted roof is that formed by two inolined planes ; but it will 
at onoe be* seen that this must be very limited in its application, 
and ooold only be used with anything like safety where the walls 
are very strong so as to resist the pressure of the roof ; for it 
must be clear that the weight of tho timbers and slates or tiles 
would tend to force the walls out of the perpendicular. This 
will be understood on referring to Fig, 149. 

Now when this force (w) came into action, it would spread 
the feet of the rafters outward, and therefore the obvious 
remedy in to tie them together. Thus a rope would, to a 
certain extent, answer the purpose ; but instei^ of tying tho 

* Fmnds llaosird, an eminent French arobiteot, bora at Faria in 

1506, wae the son of the King*! carpenter, and receifed tboee iastruo- 
tione which led to hie eminence at an architect from Gautier; but for 
the hish rank to which he attained in hie profession he was indebted 
to the force of his own genius; he died in 1660. His nephew, 
Jules Hordouin, heoome a great favourite of Louis XIV., and was 
enabled under hie patronage to reahse a large fortune. Amongst 
hie prindpel works were the Chdteau de Cluguy and the Filaot of 
VecaaiUeB. Be died suddraly at Marly in the year 17(B 


sides together are greater thau the third (** Bnolid,** Book I. 
Prop. 20), and the third in this case is the tie-beam. Now, in 
the triangle ABC (Fig. 150), the weight d could be suspended; 
and as the two rides A and b meet in c, c becomes, as it were, 
the keystone of an arch, and firmly supports the weight B 
suspended from it. 

Thus then, in Fig. 151, the points A and B act as tho abut- 
ments of an arch, and the head of the king-post, x, is the key- 
stone into which upper ends of the principal rafters, P R, aro 
mortised; and thus, ibe more the keystone be pressed down, 
the firmer will the structure be. But the weight of the roof 
does not really press npon the keystone, but upon the rafters, 
and these again transfer their force to the tie-beam, t fi. Now, 
at its ends, the tie-beam is weU snpported, but in most oases is 
liable to sag, or sink in the middle ; and if this were to occur, 
the ends of the rafters would be drawn inward, and with them 
the walls 6u whioh the waH-plates rest. The king-post is 
therefore a continuation of the keystone, and comes just down 
to, but does not rest upon, the tie-beam, whioh is therefore 
strapped up to the king-post by an iron band; and thus, in- 
stead of the tie-beam supporting the king-post, the king-post 
supports tho tie-beam, the middle portion of which is suspended 
from it. 
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In ordmt to tighten np the tie-beam, an opening is pierced 
through the npper ends ^ the iron strap, and through the king- 
post Jxwi ** are passed through this hole, and two iron 
wedges entering from the opposite sides are driren in. It will 

erident that the effect of this will be to draw np the strap, 
and with it the tie-beam around which it is placed. Fig. 152 
is a section showing the king-post, tie-beam, iron strap, gibs, 
and wedges, and Fig. 158 shows the front of the strap. 

All the parts r^erred to will be seen in their plaoes in 
Fig. 151, in which are idso shown struts, s, s, which, abutting 
on the foot of the king-post, support the principal raiters, F &, 
at a point between their upper and lower ends. If the width 
require that the beam should be further braced up, the stmts 
H, 8, then, instead of being mortised directly into the rafters, 
senro to support two posts smaller than the king-post, but of 
the same character, called q. To these, again, the 

tie-beam is strapped up as in the former case. Against their 
feet stmts abut, supporting the rafters; and it will be seen 
that system may bo carried on as long as the nature of the 
materials wotdd permit ; the whole tmss resting on the wall- 
pl^teA, w. 

Now it will be clear that such strong and heavy assemblages 
of timber as these roof-tmsses need not necessary be placed 
close together, being intended as the main supports of the 
whole covering of the building; further framing is therefore 
necessary, in order that the intermediate spaces may be pro- 
perly and seonrely roofed over. This is done by throwing 
timbers at intervals aoross the trusses. These are called 
** purlins,** p, and are sometimes “notched** on the principal 
raiters, as at p, on the right side of the drawing, or rest against 
blocks, as shown at the corresponding point on the left side ; 
the latter is to be preferred, as the principal is not weakened 
by the removal of any part of thh thickness. Thus a horizontal 
framework is created, and across these, at about a foot apart, 
smaller timbers called “oommon” rafters are placed, c b. 
These either abut on a timber called the pole-plate, |>, rest- 
ing on the end of the tie-beam, outside the insertion of the 
foot of the prinoipal rafters, or may be notched on to it, and 
passing by it, may form the eaves, or projecting part of the 
roof, under which a gutter may be placed. Aoross the common 
rafters strips of wood oallod “ battens ’* are nailed, and to these 
the slates are attached; or, in oases where the inside of the roof 
is to be left visible, it is covered in with boards, to which the 
slates are nailed. The interior of these boards, and the timbers 
on which they rest, are then stained and varnished : and such 
roofs have a beautiful appearance, especially when the lines are 
Buob as to show the soientifio principles upon which the whole 
is oonstmoted. The open timbw roof of the Middle Ages forma 
one of the most beautiful features of that period of architecture. 
They were, in the first instanoe, oonstmoted on the most per- 
fectly oorr^ prinoiples of soienoe. They were then, in some 
cases, elaborately oarved and filled in with most exquisite 
traoery, or were painted. The oonstmotion was not concealed 
by ornament I but, on the contrary, the decoration served all 
the more to show the oonstmotion to advantage. And we can 
thus feel the tmth of Mr. Brandon's words : “ A timber roof of 
the fifteenth oentury, with its massive timbers elaborately 
wrought; its rows of hammer-beams, terminating in beauti- 
fully -^ved figures of angels; its enriched panelling and 
traooried spandrils; its exquisite bosses; and, above all, its 
profusely-ornamented oomioe, is tmly as glorious a sigbt, as it 
is a grand triumph of the carpenter *s art. Such excellence, how- 
ever, was but very graduaHj aooomplishod.*'* 

In some eases the heads of the qineen-posts are kept apart by 
a horisont^ timber (shown by a dotted line in Fig. 151) oalled 
the 9ira4Min{i beam, which is strapped np to the kmg-post, 
which in such a roof-truss would not come down to the tie- 
beam. The subject of roofs in timber and iron is of such im- 
portance, and its elucidation requires such numerous illustra- 
tions, that a separate series of lessons will be devoted to it in 
Thx TnoHinoaL Bduoator. 

The leading prinoiples of the oemstraotion of roofs covering 
a span of great width are exemplified in the complex stmoturea 
by which our large railway statioiui and termini are covered in, 
and which may be stndisd with advantsge. 


* The whole snhieot of Gothic Arohiteotme will be trMted of here- 

after in this work in a separate seriea of lessons. 


VEGETABLE COBIMERCIAL PRODUCTH 

XVII. 

FLAKTS FBODtJCING VALUABLE aUMS, BBSINB, AND BALSAMS 
(omtimted), 

Tubfbmtikb Pxnb (Pinut palutiriit WBd., and Pinus Tceda, 
L. ; natural order, Conferee).— -The importation of torpentina 
by other nationa is not very considerabli, sinoe almost evecy 
country possesses trees from which it may be procured. England, 
however, is an exception, the demand for turj^tine being mnbh 
greater than the home supply. ' We receive nearly all our iur* 
pentine from the United Stetee, and it is obtained from the 
above two species of Pinut. There are also in the market, 
Bordeaux turpentine, obtained from Pinu$ pilaster, Alton; 
Strasburg turpentine, from Ahtes peetinaia t Venice turpentine, 
from Ah^ larim (Bioh.), the common larch ; and Ohio tnrpen* 
tine, from the Fiitacia iertibinthui (L.), a tree indigenous to 
C^ms. 

The process of collecting turpentine is in each oast nearly 
the same. The bark of the trees being wounded, the turpen- 
tine trickles out in drops into boxes or other vessels placed so 
as to receive it. The incisions are made about the close of the 
month of March, and the turpentine continues to flow through- 
out the vegetative season, particularly during the summer 
months. 

Turpentine is imported in barrels, weighing from two to two 
and a-half cwt., and has the appearance and oonsistenoe of 
honey. Oil or spirits of turpentine is obtained by distillation 
from the raw turpentine ; this residue is the common resin or 
rosin of the shops. Spirits of turpentine, as a solvent of all 
resins, is much used in the preparation of paint and vamish ; 
and rosin in the manufacture of common soap, common sealing- 
wax, for the bows of violins, and for caulking ships. 

In 1886, 224,451 owts. of turpentine, valued at ^391,870, 
were imported into the United Kingdom, chiefly from North 
America. 

Gum-ababio (Aeaeia vera, Wild., and Acacia Arahica^ Wild. ; 
natural order, Leguminosm). — Onm-arabio is produced by these 
two trees, which grow in abundance in Arabia, and in Egypt on 
the banks of the Nile. It flows spontaneously from their trunks 
and branches, in the form of a mucilage, which dries and 
hardens on exposure to the air. The more sickly the tree, and 
the hotter the weather, the more abundantly exudes the gum. 
It is very nutritionB, and the Arabs who gather it almost live 
upon it during the harvest. 

The prinoipal African and Arabian ports for the exportation 
of gum-arabic are Aden, Mocha, Suez, Cairo, and Alexandria. 
Qum-eenegal, the product of Acacia Senegal (WUd.), is the 
best and dearest sort of Arabian gum. It is distinguishable 
from gum-arabic by its clearness, consisting of choice drops of 
tears, some as large as a pigeon's egg, entirely white, and 
shining like glass. Gum-traga^th, which is yielded by Aetra^ 
gaVue tragacanthaf L;, is also considerably in demand, and is 
one of the obief gums of commerce. We receive this gum from 
Greece and Asia Minor. The prinoipal place for its exportation 
is Smyrna. 

These gums are chiefly used in the manufacture of ailka, 
crapes, and musUns, to stiffen and glaze the fabric ; tiiey are 
employed also in calico-printing, to give oonsistenoe to the 
colours ; in medicine, painting, and in the manvdaoture of ink. 
The quantity imported in 1886 was 75,591 owts., of which the 
value was ^6295,464. 

Gnu-8ANDABAOH (OalHtrts quadrivahiit Verst.; natural 
order, Coniferm). — ^Tl^ tree is a native of Barbary, on the 
African coast. The Turks oonstmot the oeilings and floors of 
their mosques of its wood, which is all but indesfcruotible. The 
gum, whi^ is muoh used in making fine varnishes, is imported 
to the extent of from twelve to fifteen tons annually. 

GAMBoai (fis5radsfidfon gambogiddeat Giah. ; natural ordsr« 
CitAstocM).— ^Gamboge is a gum-resin obtained from this tree, 
which grows wild on the Malabar and Oeykm coasts. In Ceylon 
gambol is obtained by wonndi^ the bark of the tree as soon 
as the flowers begin to appear. It appears in commerce in 
ihree for m i i n ucM roBe or cylinders, in hollow rolls or pipes, 
and In ammi^oue masses or m^s* Gamboge is imported 6om 
Ceylon, Shan, and Codhin-China. The beat is the pipe-gmmboge 
from Siam. 

Gamboge It employtd as a water-cdlaur or pigment by 
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also in msdioitte as a drastio pnrgaiiTe. The annual 
imports into the United Kingdom are oomparatlTelj smali, 
thongh of oonrae equal te the demand. 

Cakphob Tbbb (Laufus eam^hora, L. ; natnral order, Lan- 
rac«ci).-*-Tbe oampto tree is a natiro of China, Japan, Borneo, 
and the island of Formosa. Camphor--a gnm«resin--i8 obtained 
as follows t— The wood of the Laurut is out into smsB pieces, 
and put, with plenty of water, into small iron boilers, which are 
oorered with an earthen dome lined within with rice straw. 
As the water boils the camphor rises with the steam, and 
attaches itself as a sublimate to the stalks, under the form of 
granulations of a grey colour. In this state it is picked off the 
straw, and packed up for exportation to Europe.*’* 

Camphor Is brought to Great Britain in chests, drums, and 
oai^8--in granular, triable masses, of a dirfy-whits or 
greyish oolour. It is much used in museums and prirate col* 
leo&ms of natnral history, as a preserrative of animal and 
TSgetable bodies against the depredations of insects. It is also 
used in medicine, in the composition of ▼amishes, and in the 
manufacture of f^e-works. Ike total amount annually reosiTsd 
from China and Japan is about 466,000 pounds. 

Fbanki^obksb {Boiwellia serraf a, Boxburgh j natnral order, 
Amyridaeem ). — ^This is an odoriferous gum-resin, much used by 
the Boman Catholios in their churches. It was employed by 
the priests oi ancient Egypt to conceal the unpleasant emana- 
tions arising from the sacrifloes offered in their temples. It is 
imported from India and the Levant. 

Abafostida (Nartliw atafatidat Falconer; natural order, Um- 
hellifercB ), — This fetid gum-resiu exudes from incisions made 
in the roots of the plant. It is first a milky juice, but when 
dried in the sun, acquires a mottled appearance and a pink 
colonr. The plant is indigenous to the south of Persia, Afgha- 
nistan, and the Punjaub. Aiafostida usually comes over in 
casks and oases. It is much used in medicine as a valuable 
ctimolaiut and anti-spasmodic, in oases of asthma and spasmodic 
xsoxiffh* 

^ TI. TKX BABES OF COMMBBGB. 

Many varieties of bark are known in commerce, the chief of 
which are those used for medicinal purposes, suoh as the Peru- 
vian and Cascarilla barks; and eoonomio barks, employed in 
the arts and manufactures, such as the bark of the oork oak, 
and the valuable tanning bark of the common oak. 

UBDIOINAL BABES. 

pBBnviAK Babe {Cinchona Condamvneat Humb. and Bonpl., 
etc. ; natural order, Cinchon<ieew ), — Peruvian bark is the pro- 
duct of various speoiee of Cinohona, a group of evergreen trees 
and shmbs growing on the slopes of the Andes in Peru and 
Bolivia, at elevations varying from 7,000 to 10,000 feet abovs 
the levri of the sea. 

The medicinal properties of this bark are entirely owing to 
the presence of &ree alkaline and bitter principles — quinine, 
cinchonine, and quinidino — which are the most effective remedies 
known against intermittent and allied fevers. The Jesuit mis- 
sionaries were the first to discover and make known its value 
as a remedial agent, and for a long time they were the sole ven- 
dors of it, whence its name of ** Jesuits' Bark.'* The generic 
name Cinchona waa given to the plant beoauae, in 1688, the 
Uonntesa of Cinchona, wife of the Viceroy of Pern, waa cured of 
intemittent fever by its use ; hence, also, the powdered bark 
waa called Pulv%$ comififics, or Counteas's powder. 

There are, at the fewest, twelve apeoies of Cinchona from 
which the Peruvian bark of oommeroe is derived. AU these 
reseuible each other in their general features ; having opposite 
leaves, which are shining, lanceolate, on short petioles, and 
small, tubular, and white or rose-oolomred flowers, arranged in 
ample panicles at the extremities of the branches. The princi- 
pal varieties of .Peruvian bark recognised in the Pharmacopoeia 
are the pdU^ the yellow, the red, and the crotcn bark. Pale or 
pyvy bark is obtained from Cinchona niHda wd C. micraniha; 
Loxa or orown bark, from C. Condamineas ^Wow or CaUaaya 
bark is yielded by Cinehona CdUea^at the source of the red 
bark is not yet aaoertained. The pale bark oostaiua moat 
rinohonino, the yellow most quinine ; Loxa or crown bark, the 
Ittgeat proportion of qninidine ; the red yields the alkaloids in 
•l>out equal proportions. 

* Ure't ** Dictionary of Artsb ICaaulaotona, and Kinaa.** Tol. I. 

London^ 18S7. 


Peruvian Wk comes to ns in the form, of quills or bollew 
cylinders, which vary in len^ and diameter, the longest seldom 
exceeding two feet<--4he dhuneter varying from a quarter of an 
inch to two inches. These quills axe the bark of the ■ma.iim- 
branches of the tree, which rolls up thus as it dries in the sun. 
Pale black arrives in quills only ; &e Calisaya or yellow bark, 
and also the red bark, comes both in quiUs and flat pieoes, 
which last are derived from the trunks, and reduced to this form 
by being alternately exposed to the sxm and then subjected to 
pressure until perfectly dry. Peruvian bark is uaiu^ im- 
ported in packages, or serone, made of dried oow-hides. The 
imports into Great Britain for 1886 amounted to 145,367 owts., 
worth .£801,853. The] cinchona plant has been iatrodaoed 
with every prospect of suooess into British India, where large 
plantations are now established in many of the hilly d^triots ; 
and more recently into Japan and the Mauritius. 

^ Cascabilla Babe {Croton Eleuthcria ; natural order, Extphor* 
hiacecB ). — This tree is a native of St. Domingo, the Antilles, 
and the Bahama Islands. Its bark is imported chiefly from 
Elouthera, one of the Bahamas, and comes in small-sized quills 
and in chips. Cascarilla bark has strong aromatic and tonic 
properties, and is an excellent remedy in chills and fever, being 
occasionally employed as a sabstitute for cinchona. When 
burned it j^ves for^ a sweet musky odour, and is often need in 
fumigations. The amount annually received in this country is 
inconsiderable. 

CiDBON {Bimaba eedron, Aubl.; natnral order, Bimarubaeem). 
—•The oedron is a small tree oonfined to the republic of New 
Granada, ranging from about the 5th to the 10th degree of 
north latitude. Every part of the plant, but especially the seed 
—owing to the preeenoe of an alkaloid (cedriite)— is intensely 
bitter. On account of this principle, it is used extensively, and 
with considerable success, in oases of intermittent fever. But 
the chief reputation of the oedron rests upon its being con- 
sidered an efficacious antidote for the bites of snakes, scorpions, 
centipedes, and other noxious animals ; and so highly do the 
natives of the land in which it grows value it, that they will 
pay a large price for a single seed. 

Quassia Avaba, belonging to the same order as the oedron, 
is also a valuable febrifuge. 

TII. TANNXKO MATBRIAL8. 

In the bark of certain trees a peculiar light yellow glistening 
substance exists, called tannin, or tannic acid, which consists of 
small yellow crystals. This tannic acid has ^e power of com- 
bining with the gelatine in the skinB of animalB, and converting 
them into leather by forming a tannate of gelatine. The most 
valuable bark for this purpose is that of 

Oae {Quereue pedwieulatag natural order, CupvXi^era),-^ 
Indigenous to this country, and also much cultivated. Wo im- 
port large quantities of oak bark from Holland and Belgium. 
The properties of the oak have already been considered in the 
chapter on tanning. 

Valonia {Quereue cegilope). — Under this name the aoom-onps 
of this species of oak are used ; although the tree is dwarf and 
shrubby, these cups are very large and much prized by tanners. 
Large quantities are imported from the Levant, (ffiiefly vid 
Smyrna, not less than 34,227 tons having been received in 1886. 
^metimes the acorns are gathered before they are fully formed; 
they are then called eamata, or camatina. In this state they 
are more valuable, but too expensive to be largely employed. 
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DBAWING FOB MACHINISTS. 

ISOMBTBICAL PBOJSCnON. 

Thb principles of isometrioal projection having already been 
given in previons lessons (Yol. I., page 267), it is not necessary 
to repeat them here ; it will be sufficient to remind the student 
that the square a o B d (Fig. 267) is represented in isometric* 
projection by the lozenge a' ob d. 

From this figure it will be eeen that the side D B of tbo 
square is at 45* to o b, whilst the side d 5 is at SO* to d B. 

The difference, then, between the triangle d b 5 ^ the 
triangle D B B ia the triangle D 5 B, the angle 5 D B being 15*, 
and D B 6 being 45*. 

It will therefore be plain that if the aide of a cube be given. 
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fji^ we are required to find the Bide of the hexagron which would 
fonn the isometrio projection of it, we need only take the 
length as the baeie of a triangle, as D b, at the one end con* 
Btmct an angle of 30^ (that ia, an angle eimilar to B d h), 
and at the other an angle of 45^ (eimilar to the angle h b d). 
This triangle then, ae said before, will ropreBent the side of 
the cube and ite ieometrio projection. 

The Bide d 6 of such triangle will be the re^iuired length of 
the side of the hexagon, and any diviaions or p/uta marked on 
B D, as B /, may be transferred to 6 d by drawing a lino from 
(parallel to b h, cutting h via gs then h g will have the same 
proportion to 6 o that b/ has to b d. 

CONSTaVOTION OP AN ISOMETEICAL SCALB. 

Although the method of constructing the isometrical scale 
has been given in a former lesson (Yol. I., page 269), it is 
repeated here for the convenience of the student, to save the 
trouble of reference to another volume. 

Let it be required to construct an isometrical scale of ^ — 
that is, 1 inch to the foot. 

Fig. 268. — ^Draw the line A B, and a c at an angle of 15^ to 
it. It will be found convenient to draw on angle of 30^ by 
means of your set-square, and to bisect this angle. 

From A set off any convenient number of inches to represent 
feet, as A B, D B, dividing any one of them into 12 eqnal parts, 
as D X. 

Now from x draw a line at 45^, cutting a o in p. 

fVom all the points of division, 1 to 12, draw lines parallel 
to B F, and these will give on A c the divisions contained 
between a and f, which will represent the twelfths of inches 
in the isometrical measurement. 

Fig. 269 is an isometric projection of a square case divided 
into compartments. 

Let A be the position of the nearest angle of the object to be 
projected. 

On each side of A draw a line with the set-square of 30® 
placed against the T-square. This will at once give the angle 
B A 0 (120") which will be formed in the isometrical projection 
by the meeting of two lines at right angles to each other. 

Now the measurements of this case ore as follow : — General 
front elevation, 2' 1" square j depth, 5" ; thickness of wood, 1” ; 
width of compartments, 

On A erect a perpendicular. Make a d and a b 2' 1" by the 
isometric scale. Draw v x parallel to a b, and b x parallel 
^ A D. This will complete the isometrical projection of a 
vertical square, which would be the loft side (a) of the cube 
shown in Fig. 270. From d and x draw lines parallel to a c. 
On A 0 set off the depth of the case — ^viz., 5" — and erect a 
perpendicular cutting the line drawn from d in f. From f 
draw a line parallol to v x, cutting the line drawn from x in a. 
This will complete the projection of the object treated as a 
block only. 

Now it will be olear that, as the thickness of the wood is to 
be 1 inch, and there are to be three compartments in width, and 
three in height, those will be 7 inches each ; therefore, along 
A B and A B, set off an inch for tho thickness of the case, then 
a space for the compartment, an inch for tho thickness of the 
board dividing tho compartment, and so on. 

From these points lines drawn parallol to tho sides of the 
figure will oomploto tho projection of the front of the case. 

Now from each of the inner angles joining tho pianos of the 
sides of tho compartments which woidd bo visible, draw lines 
parallel to a o. 

From the points on a d, marking the thickness of the shelves, 
draw lines parallel to a c, cutting o F in h, i, etc. 

From these points draw lines parallel to A B ; those, cutting 
the lines already drawn from the inner angles of the oompart- 
ments, will give the distant inner angles at which tho per- 
pendiculars form tho bock edge of the upright divisions, and the 
projectioii will thus be completed. 

271 i« tho isometrio projection of a wooden stand for a 
machine. It is drawn to ^o same scale as tho last, the 
dimensions being as follow : — Length, 8 feet ; breadth, 1' lOJ" ; 
height, 2'’ 54'* ; thickness of legs and rail, 

The lines A b (3 fhet) and a o (1' 104") having been drawn 
at the angle of 30® to a horizontal lino, the lines b d and c v 
are to bo drawn parallel to A c and a b respectiyely. 

On each tide of a, and inwardly from B and c, on the lines 


A B and A 0, set off three inches representing the thickness of 
the legs — ^viz.* x, f, g, and H. 

From these points ^aw lines parallel to those already drawn, 
and these will complete the plan of the stand, giving not only 
the boundaoT’ lines of the space covered by ^e object, but 
also the projections of the square spaces in which the legs will 
stand ; and this is one of the advantages of isometrical pro» 
jection, in which the objects are worked without a separate' 
plan or elevation, the drawing uniting in itself plan, elevation, 
and projected view. 

It is not always necessary in practice to project the whole 
plan, but in the present case it is required in fincUng the inner 
sides of two legs, and the position and width of the distant one. 

Thus the lines drawn from G and h, intersecting, give the^ 
point I, and being carried beyond this point they out b v and 
0 B in K and j, thus completing the plan of the distant leg. 

Again, g j in passing through the line drawn from f gives the 
point L, whilst the Ibe drawn from x, cutting H x, gives M,, 
the position of perpendicular for the inner side of the leg. 

Now from A, B, and c erect perpendiculars. 

Make A o 2' 54^' high, and from o draw lines parallel to a xr 
and A c. These will out the perpendiculars drawn fri)m B and o 
in p and Q. The perpendiculars B f and c Q will necessarily be 
the same height as A o. 

From p and Q draw lines parallel to o p and o q, which 
intersecting in b will give tho projection of the outline of tho 
top of the object. 

Draw perpendiculars from x, F, g, and H to meet the lines o p 
and o Q in s, T, 17, v. From those points, lines drawn parallel 
to the sides of the external figure will give the projection of 
the top of the stand corresponding precisely with the plan. 

From o set off o w, representing the depih of the upper rail 
-—6" by scale — and from w draw lines parallel to the sides of 
the object. The line drawn from w on the left side will cut 
the perpendicular h u in x, and similarly the line drawn from 
w on tho right side will cut the perpendicular G v in t. 

Lines drawn from x and t parallel to a b and a o will inter- 
sect in z, and give the lower edge of tho inner surface of the 
two distant rails. 

Tho iuterseotion z will, if the work has been accurately done,, 
fall on the perpendicular from i, the inner edge of the distant 
leg. Perpendiculars from J and K may now be drawn, and tho 
cross-stay may also be added, thus completing tho projection. 

Fig. 272 is an isometrical projection of a simple circular soUdl 
penetrated hy a square prismy showing tho principles on which 
a wheel would be projected isometrically. 

It will be remembered that projection does not deal with 
oiroles or curves as such, but requires that they shall be enclosed 
in rectilinear figures, across which diagonal or other lines are 
drawn. These figures are then projected, and the oiroles or 
curves are drawn through the points corresponding to those 
through which they would pass in the original figure. 

Fig. 273 is a quarter of the circle about to be projected, 
enclosed in a square which would represent one quarter of the 
square required to contain the whole circle. 

Now, as a rule, tho thickness of the square solid to be pro> 
jeoted would only require to correspond with that of the wheel ; 
but in the present case the length of the penetrating prism or 
axle corresponds with the diameter of the circle, and the con- 
taining block would therefore be tho cube A B c d x f o. 

In middle of tlie side a x the thickness of the whee'' R I 
is to bo marked, and the perpendiculars h j and i K having 
been drawn, the square slab which would oontoin the wheel is 
to be projected. 

Now the whole square containing the circle would require 
that diagonals should be drawn across it; therefore in the 
square ; I w (Fig. 273) draw the line j m, which would be 
the half diagonal. This small square, it will be remembered, 
is a quarter ^ the larger one, which for the present purpose is- 
sufficient. 

Draw diagonals in the surface projected from J h — ^ viz., j h'* 
j' h — which will represent the completo diagonals drawn aorosa 
the square. 

Through the point in Fig. 273, where the quadrant pasaas 
through the diagonal, draw a line to n; and from L in Fig. 272» 
which ia the extremity of tho horizontal diameter L set off 
L N and L k' equal to I n in Fig. 273» 

From N and V draw lines parallel to A o, and iheee inter- 
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^eoting the diagonalB, will give the points o, o, o, o, corro* j- of bnildingB, orthographic projection on the inclined plane, and 
epond^g with o in Fig. 272. j perspeotire, can be employed. 

Throngh the intemection of the diagonals draw the porpen- Hotures of machines are, howerer, seldom reqnired for trade 
dicttlar M v ! ; then through the points l, o, m, o, l', o, o, l, purposes, and thus iaometrioal projection may taruly bo said to 
draw the curre which will represent the circular face of i^e constitute the perspective of the workehop, 
wheel. ... , * Proceeding now with our object, project from i K the surface 

Although this form is eyidently correct) it is not a pleasant 1 1 1 ' s' k, corresponding with h h' j' j; draw diagonals k i' 



one, since the circle does not seem upright, owing to the longer 
diameter of the ellipse being on the diagonal drawn at h, 
instead of on the vertical diameter m' m. 

Ihe difference of the results of the different modes of render- 
ing the circle by projection will be clearly understood by 
wferring to the speed-pulley projected from its plan, in lessons 
in ** Pr^eotion,’' and, by the circles, etc., projected in “ Prac- 
tiosl Perspeotira” 

Btill the advantages of isometrical projection are so many 
the mere appearance is but seoonda^, as when pictorial 
of m a ohin e r y are req:aired, or views of buildings or blocks 


and k' I, and through their intersection draw the diametora 
p p and q r. 

Now it will be seen that these points r, p, q, t ooidd have 
been obtained by drawing lines from L, m, os l p, it r, etc., 
and this ^owledge enables us to find the points s, f, u by 
simply drawing lines from o, o, o, parallel to ▲ B ; these wiU 
out the disgo^B in the reqnired points. The same result 
might be attained by drawing lines from N, K' parallel to ▲ n, 
to out E I in y w, and from v w drawing lines parallel tc ▲ o, 
oattisg the diagonals e i' and i E^. 

To project ^e square prism penetratiDg the wheel, sot off 



42 


THE TECHNICAL EDUCATOR 


its width X T oa ▲ B, and dzAw liaei pmll^ to A c. Those, 
cutting the diagonals ▲ d, B o, will giro the foar points i\ z. z\ 
B', which joined, will be the Toqnired projection. 

It will be seen that the points f and haye already been 
need for a previons purpose. The points now need fall exaotly 
on these ; this would be altered if prism were of a different 
length. 

It will be evident that if the axle were required to be 
oylindrioal, a circle could easily be projected in f z, as in 
the former portion of the figure. 

The points at which ^e prism penetrates the wheel are 
found by drawing lines from X\ z\ h', z parallel to a n, cutting 
the diagonals y h', H J^ and its distant end is projected by 
producing these lines to out the diagonals of the distant side 
of the cube. 

Fig. 274 is an isometrioal projection of a trestle, the working 
of which, being simply an application of principles already ex- 
plained, is left to the knowle^e and ingenuity of the student. 


NOTABLE INVENTIONS AND INVENTORS. 

X.-THE COTTON MANUPAOTXTBE. 

BY JOHN TIMB8. 

Cotton, named by the Arabs Kutu or Kutun, is a filamentous 
matter, produced from the surface of the seeds of the Ooasypium 
plants, found wild in both the Old and New World. Her^otus 
and Arrian speak of the cotton-plant as indigenous in India, 
and the linen found in Peruvian tombs attests its having existed 
in that country long before it could possibly have been carried 
to America by Eastern intercourse. In fact, the wild American 
cotton-plants are specifically different from those of the Old 
World ; but at the present day, the cotton of the West is cul- 
tivated in Asia and Africa, while that of the East has long 
sinoe been introduced into the American plantations. 

Cotton has been wrought into garments for the people 
of India for 8,000 years. Humboldt states that it formed the 
only clothing of the natives of Mexico, and is one of the plants 
they most anciently cultivated. There is evidence of the 
existence of the cotton-plant in America long before there was 
any direct communication between the oivil&d world and the 
two groat portions of that continent ; and we have it positively 
stated that the Spaniards found calico common in the dresses 
of the inhabitants when they conquered Mexico. It must have 
been known to the ancient Egyptians, and Rosollini found 
some of the seeds in one of the monuments of Thebes. It is 
conjectured that fine Indian cottons were used in ancient Borne 
because there was a regular commercial intercourse established, 
through the me^um of Egypt, between Borne and India, the 
chief part of which was on the coast of Malabar, where weaving 
was practised at the remotest period of which wo have any 
record. Fine cottons were imported into Europe in Juvenal’s 
time, as thqy were ages before from India ; and from China, the 
country of the Seres, came silk, which the Bomans believ^ to 
grow on trees. Virgil, in the “Georgies,” seems to allude to 
the cotton-plant and silk as follows : — 

*' Of JEthiop’s hoary trees and woolly wood, 

Let others tell ; and how the Seres spin 

Their fleecy forests in a slender twine.'’— Prydsn’s Tronslation. 

The Germans, who in general avoid introducing into their 
language words of foreign origin, call cotton BaumwolU, t.e. 
tree-wool. Cotton-wool was known in Spain in the twelfth 
century. It was imported by the Genoese and Venetians into 
England and the Netherlands in the beginning of the fourteenth 
century ; but the use to which it was applied, except for candle- 
wicks, is not known. In 1430 fustians were made, perhaps 
invent^, in Flanders. In 1534, several ships from London 
and Bristol traded to the Levant, uid imported, among oth er 
artioles, ootton-wool. It might, therefore, be expected that at 
this time some cotton factories would have been established in 
England ; and this seems to be confirmed by Leland’s Itinerary , 
in the reign of Heniy VIII., stating that cottons were made at 
Bolton-le-Moors, in Lancashire, and in the neighbouring villages ; 
also by the mention, in an Act of Parliament passed in 1552 
(Edward VI.), of Hanoheeter, L a n oas h ire, and Cheshire cottons. 

In the early stages of the trade, the raw ootton mannfaotnred 
in Great Britain was ohiefty the ptoduct of the West Indiei} 


the finer sorta came from Surinam, the Brazils, and the Isle d 
Bourbon. The ootton from the last-named settlement commanded 
the hii^est price in the English market up to the end of the 
last century, when it was superseded by the Sea Island ootton, 
found in Q^rgia, Florida, and South Carolina. The oultivatloii 
of cotton in America made very little progress at first. In 
1791, sixteen years after the fint sample had been sent to v 
England, the total import of American ootton at Liverpool was 
sixty-four bags. Two years later an American inventor, Mr. 
Whitney, discovered a very simple and expeditious method of 
separatlug the wool of the cotton-plant from the seed— a 
process which had previously been both tedious and expensive. 
Yet in 1784, when an American vessel arrived at Liverpool 
wirii eight bales of cotton on board, they were seised by the 
Custom House officers, who had never before seen ootton from 
that quarter, under the impression that they had been imported 
from some other country. In 1785 only five bags of American 
ootton were imported into Liverpool, and in the following year 
six bags. Such were the small beginnings of that immense 
trade which now gives employment to millions on both sides of 
the Atlantic, and which was the main cause of the rapid in- 
crease of the wealth and influence of the slave power in the 
United States. 

The British colonies are capable of producing vast quanti- 
ties of ootton, and in our great colony of India the plant is 
indigenous. It has been computed that a piece of ground of 
the size of Yorkshire is sufficient to produce a quantity of 
cotton nearly double the annual consumption of England. The 
supply from the British possessions is greatly increasing, espe- 
cially in India, in consequence of the construction of railways 
and canals ; whilst specimens of ootton cloth have been shown 
from the East and West Indies, and Australia, fully equal in 
quality to the best from New Orleans. A field of Amorioan 
ootton at the gathering season, when the globes of snowy wool 
are seen among the glossy dark-green leaves, is singularly 
beautiful; and in the hottest- oountries, where the yellow 
blossom or flower and the ripened fruit are seen at the same 
time, the beauty of the plantation is still more remarkable. 
In the early stages of the culture in India it was described as 
very slovenly, as the seed was sown broadcast, and the plant 
neglected at every stage of its growth; which, together with 
the oarelessness of the natives in gathering the cotton, in 
separating it from the seeds, and in paoking it, made the Indian 
cotton very inferior to that of the United States. Nevertheless, 
the perfection to which the weaving of ootton had then been 
brought by the natives of many parts of Indio, notwithstanding 
their rude and imperfect implements, attests at once their 
patience and ingenuity. A peculiar combination of hoot, light, 
and moisture is essential to the quality of ootton, the most 
favourable instance of which may be assumed to be the coast of 
Georgia and the Carolinas. In 1852 the value of the whole crop 
of American ootton imported into England was J630,000,000, 

I equal to that of the British wheat crop. 

The economy of the ootton manufacture has been exemplified 
by modem instances, which strikingly carry conviction with 
them. Thus we read of the superiority obtained by the use of 
machinery compared with the laborious process of the Hindoo 
seated on the ground, with his legs in a hole, producing the 
most beautiful muslin; whereas the ootton can be brought 
10,000 miles, cleansed, spun, woven, dried, packed, and carried 
back again, and then sold in the provinces where it was first 
grown, at a less price than that of the cloth produced by the 
Indian weaver. We read also of the early stages of a pound 
of unmanufactured ootton, which came from the East Indies to 
London: from London it went to Manchester, where it was 
mannfaotnred into yam; from Manchester it was sent to 
Paisley, whem it was woven; it was then sent to Ayrshire, 
whore it was tamboured; it came back to Paisley, where it 
was veined; afterwards it was sent to Dumbarton, where it 
was hand-sewed, and again brought to Paisley ; whence it was 
sent to Benfsew to be bleached, and was retted to Phiriey ; 
whence it was sent to Glasgow, and was finished ; and from 
Glasgow it was sent per coaifii to London. The time occupied in 
brin^g this article to market was three yeai^ from its being 
packed in India till it arrived in doth at merohaat'a ware- 
house in London. It must have been conveyed 5,000 mOes by 
sea, and about 920 by land, and contributed to support not less 
than 150 pmons» by which the value had been in cr ea se d 2,000 
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M cent. W4U, indeed, wmj the iteam-ongiiie here been 
termed ** the ootton-epinner’s best friend.*' 

The first on record was patented in 1738, 

hj Iionis PmI, with whom John Vf^tt had oonneoted himself 
in partnership, though the name of Wyatt appears oxUy as a 
witness. This statement is founded sol^y on information fur- 
nished by Wyatt's family; and the late Bfr. Bobert Cole, the 
solicitor, proved that Louis Phul was the sole inventor of a 
machine for spinning cotton by rollers, and that Wyatt was a 
workman in Paul's employ for weekly wages— ^ proved by 
patents and papers in Mr. Cole’s possession, including several 
hundred letters, mostly relating to cotton machinery. Paul 
had already patented a pinking-maohine, by which he made 
considerable profit, and a deed extant proves that he received 
j 8200 for allowing one person to use the machine. Paul's 
spinning-madiine patent, as we have said, is dated 1738. It 
was then requisite for on intending patentee to make an affi- 
^vit that he was ** the first and sole inventor " of the machine 
about to be patented, and having obtained the patent ho 
realised considerable sums by granting licences. The deed of 
May, 1739, is signed by John Wyatt, as attesting witness; 
and in it the madiine is referred to “ as invented by the said 
Louis Paul," who covenants to fit it up. Dr. James, writing to 
Warren, a Birmingham bookseller, dated London, 17th of July, 
1746, says, "Yesterday we called to see Mr. Paul’s machine, 
which gave us entire satisfaction, both in regard to the carding 
and the spinning. You have nothing to do but to get a pur- 
chase for your grant. The sight of the thing is sufficient 
demonstration enough. I am certain that if PUul could begin 
with 10,000 he must, or at least might, got more money in 
twenty years than the dty of London is worth." Wyatt had 
clearly advanced money to Paul at first, and he continued to 
do so, either as loans or for wages, until the total reached 
J6200. In consequence of this debt, a mortgage deed was 
prepared between Paul and Wyatt, referring to 300 spindles for 
spinning, "according to the said invention of the said Louis 
Paul," which wore conveyed to Wyatt, his heirs, etc., to whom 
Paul covenanted, within six months, to " give the same plan 
for working, etc., as he hath already gone by." Paul further 
covenanted to give to Wyatt a plan of another machine which 
he had invented " for the, carding of wool, and other things for 
the use of the before-mentioned machine, or engine for spin- 
ning." Subsequently, when in the Fleet Prison for debt, 
Wyatt wrote to Sir Leicester Hall, " I am the person that was 
the principal agent in compiling the spinning engine." Paul 
obtained a renewal of his patent, and tried to erect one of his 
machines in the Foundling Hospital, whereby, as he said, " a 
number of mixed children, between five and fourteen years, 
might bo enabled to earn their food and clothing." Paul’s 
machine was ultimately abandoned, having been brought to no 
practical effect, although it was adduced many years afterwards 
as evidence against the originality of Arkwright’s invention. 

Tracing the means by which astonishing results have been 
effected, we find that in the year 1760, or soon after, James 
Hargreaves, an untaught weaver, living near Church, in Lanca- 
shire, began to devote his attention to the application of 
machinery to the preparation and spinning of raw cotton for 
weft. In the same year the Society of Arts offered a premium 
for the greatest improvement on the common spinning-wheel, 
and aftemards offered a premium of ^6100 for the construction 
of a machine that would spin six threads of wool, cotton, flax, 
or silk, at the same time. Hargreaves first invented an im- 
proved method of carding the cotton, not very different from 
that now in use; and in 1767 ho invented the spinning- jenny, 
drawing several threads at once— at first containing eight 
spindles— made to r^olve by bands from a horizontal wheel. 
The power of the spinning-jenny was soon increased to eighty 
^indies, when tiie saving of labour produced such alarm 
amongst those persons employed in tibie old mode of spinning, 
^t a pa^y of ^em brcdce into Hargreaves’ house, and destroyed 
nia maoHne. It was, however, again brought into use, when a 
««oon4 rising took place, and both carding and spinning machines 
were destroyed, one result of whioh was that the manufacture 
for a time, driven away from Lancashire to Nottingham. 
Hargreaves stated that he derived his idea of the jenny from 
seeing a hand-whed with a single spindle overtainii, when he 
remarked that the spindle, whieih was before horizontal, was 
then rertiosl; and as it continued to revolve he drew the 


roving of wool towards him into a thread. He then oonoeived 
that if something could be applied to hold the rovings as the 
finger and thumb did, and that oontrivanoe to travel baokwai^ 
on wheels, six or eight, or even twelve - threads, from as many 
spindles, might be spun at once. This was done, and boo- 
ceeded; but Haripeaves, driven by the mob, as we have 
described, to Nottingham, could not bear up against such ill- 
treatment, and there died in obscurity and distress. He had 
previously given the property of his machine to the Stmtts, who 
thereon laid the foundation of their industrial snooess and 
opulence and a peerage. 

The cotton yam placed by the common spinning-wheel and 
spinning-jenny could not, however, produce cotton yam suffi- 
oiently strong to be used as warp, for which purpose Unen 
yam was employed ; and then another machine, the spinning- 
jenny, whioh took up what Hargreaves had begun, was invented 
by as humble on individual, Kiobard Arkwright, who was bom 
at Preston in 1732, and being the youngrest of a poor family of 
thirteen children, he received very little education. He was 
bred to the business of a barber, which he oarried on in the 
town of Bolton, where remain two shops onoe ooonpied by him. 
He became a dealer in hair, whioh he collected through the 
country, and having dressed it, he sold it to the wig-x^era. 
He possessed likewise a profitable secret method of dyeing hair. 

Up to this time the Bnglish cotton cloths (called calico, from 
Calient, in India, the place of their production) had only the 
weft of cotton, the warp or longitudinal threads being of linen, 
it being impossible by any means then known to spin cotton 
with a sufficiently hard twist to be used as a warp. The raw 
materials were delivered by the master to cottagers living 
in the villages of the district, who both carded and spun the 
cotton, and wove the cloth. The demand for these cottons 
soon became so great, that although there were 50,000 spindles 
constantly at work in Lancashire alone, each occupying an 
individual spinner, they could not supply the quantity of thread 
required. To remedy this state of things, several ingenious 
in^viduals had thought of spinning by machinery, instead of 
by the one-thread wheel. Among these was Paul, whose 
machines have been described. A Mr. Bobert Eamshaw, of 
Mottram, in Cheshire, in 1753 invented a machine to spin and 
weave cotton at one operation, whioh he showed to his neigh- 
bours and then destroyed, through the generous apprehension 
that he might deprive the poor of bread. 

Arkwright had now turned his attention to mechanics, and 
with one Kay, a olockmaker, who made him some wheels, they 
jointly devised a model of a maohinv for spinning cotton- 
threads; and next year, 1768, they erected this machine at 
Preston, in the parlour of the house joining the Free Grammar 
School ; but dreading the hostility of the Lancashire people to 
their attempt to introduce spinning by machinery, they removed 
to Nottingham. Here wanting capital, Arkwxight took his 
model to Messrs. Need and Strutt, stocking-weavers at Not- 
tingham; Mr. Strutt being a man of soientifio attainments, 
was satisfied of the nature of the proposed machine, and he 
and his partner joined Arkwright in 1769, and took out a patent 
for the machine as its inventor. It is related that when Ark- 
wright applied to Mr. Strutt, his machine was much impeded by 
the fibres of the wool sticking to the roller, whioh d^ect Mr. 
Strutt engaged to remove on condition of participating in the 
profits of the result. They repaired to the mill, when Mr. 
Strutt, taking a lump of chalk out of his pocket, applied it to 
the roller, and the stioldng was instantly prevented. A 
spinning-znill driven by horse-power was, at ^e same time, 
erected and filled with frames. In 1771 Arkwright and his 
par t n e rs established another mill at Cromford, in Derbyshire, 
the machinery to which was set in motion by a water-wheel ; 
and in 1775 he took out a second patent, with additions to 
bis former one. This was a combination of the carding 
and spinning maohinery with two pairs of rollers, the one re- 
volving faster t ba'»> the other, whioh forms the peculiarity of 
the machine. 

The most important of Arkwright's oontrivanoes was his 
drawing out the cotton to a harder twisted thread, so as to be 
used for warp as well as weft. This was managed by a principle 
altogether novel. The cotton was first drawn from off the 
skiers by one pair of rollers made to move at a oomparativelj 
slow rate, and which formed it into threads of a first or ooarssr 
quality ; but at a little distance behind the first was placed a 
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Beoond pair of rollers— 'rovolting throe, four, or five times as 
— which took it tip when it had passed through the others, 
the effect of which was to reduce the thread to a depee of 
fineness so many times greater than that which it originally 
had. Tho first pair of roUors might be regarded as the feeders 
of the second, which could receive no more than tho others 
sent to them, and that again could bo no more than these o^ers 
themselves took up from the skewers. As the seoond pair of 
rollers, therefore, revolved, we will say five times for every 
revolution of the first pair — or, which is tho same thing, re- 
quired for their consumption in a given time five times the 
length of thread that the first did — they could obviously obtain 
so much length by drawing out the common portion of cotton 
into thread of five timee the original fineness. Nothing could 
be more beautiful or more effective than this contrivance, which, 
with an additional provision for giving the proper twist to the 
thread, constitutes the 'water-framet or ihroatle^ so called from 
its being originally moved by water-power. Such, in principle, 
were the two great inventions that effected an entire change in 
the manufacture of cotton, wool, and fl a x . 

The idea of spinning by rollers Arkwright accidentally de- 
rived from seeing a red-hot bar elongated by being made to 
pass between two rollers ; and though there is no mechanical 
analogy between that operation and the process of spinning, it 
is not difficult to imagine that by reflecting upon it, and placing 
the subject in different points of view, Arkwright might be led to 
this invention, which he specially clahned as his own. Of other 
machines which he included in his patents, he was rather the 
improver than the inventor ; and the original spinning-machine 
for coarse thread, the spinning-jenny, Arkwright adb^tted to 
have been first conoeiv^ by Hargreaves. Previous to this 
time no establishment of a similar nature had existed, none at 
least to which the same system of management was applicable, 
and it strongly marks the judgment and mental powers of 
Arkwright, that although tiie details of manufacturing or 
commercial businesB were altogether new to him, he at once 
introduced a system into his works which has since been uni- 
versally adopted by others, and which, in all its main features, 
has remain^ unaltered to the present time. In the year 1775 
he completed a series of machinery so various and complicated, 
yet BO admirably combined and well adapted to produce the 
intended effect in its most perfect form, as to excite the 
astonishment and admiration of every one capable of appre- 
ciating the ingenuity displayed and the difficulties overcome. 
At the expiration of the partnership of Strutt and Arkwright 
they separated. Arkwright went on by himself at Cromford, and 
the Strutts for themselves at Helper. A fierce spirit of detrac- 
tion strangely represented that Arkwright stole the invention of 
another ; but ]ifo. William Strutt, who was a competent judge 
on such subjects, attested that Arkwright was a skilled me- 
chanic, and quite equal to such an invention. He did not, 
however, enjoy tho rights of his ingenuity without opposition 
alike from the manufacturers, and the spinners, and the weavers. 
His factories were attacked, his patents were invaded, and the 
merit of his being an original inventor denied. Circumstantial 
accounts of this ByBtem of injustice are to be found in the 
histories of the cotton znanufacture, but cannot be quoted in 
this sketch. The ** Enoyclopmdia Britannica” has this con- 
clusion: ** We have access to know that some of Mr. Arkwright’s 
most intimate friends never had the slightest doubt as to the 
originality of his inventions, and some could speak from their 
own personal knowledge, and their testimony was uniform and 
oonsistont,^' and such became the opinion of tho principal manu- 
facturers of Manchester. “ If,** says the “ Penny Cyolopmdia,” 
the evidence be fnlly weighed upon which it has been attempt^ 
to conyiot Arkwright of the serious charge of pirating other 
men*s ideas, we think it will rest upon very slight grounds, 
while the proofs which he exhibited of possessing talents of the 
, very high^ order in the management of the vast ooncems in 
which he was afterwards engaged, are unquestionable.*’ It 
was not, however, until after the* lapse of five years from their 
erection, that from the works at Cromford any profit was 
realised ; but from that time wealth flowed in abundantly. The 
establishments were greatly extended, and new ones were 
formed, and success ooatinned to flow, notwithstanding Ark- 
wright’s patent had been cancelled by law. Meanwhile, he had 
almost built the town of Cromford, and lived in patriardbsl 
prosperity amidst the seeneo of industry where he raised up 


his own fortune. He served as High Sheriff of Derbyshire in 
1786, and received kpighthood from King George III. But bis 
healtii failed, and he died in 1792, in the sixtieth year of his 
age, leaving a fortune little short of half a million, besides 
having presented each of his ten children with JS20,000. No 
man ever better deserved this good fortune, or had a stronger 
claim on the respect and gratitude of prosperity. His inven- 
tions opened a new and boundless field of employment, and 
while they have conferred infinitely more benefit on his native 
country than she could have derived from the abeblute domi- 
nions of Mexico and Peru, they have been m>iverB(dl/y produc- 
tive of wealth and enjojrment. 

The power which gave motion to the rollers and spindles of 
Arkwright and his fellow-inventors was ' supplied at first by 
falls of water, when manufacturers of necessity planted their 
establishments in districts where water-power was readily 
obtained, however inconvenient these situations might be in 
other respects. Watt’s improvements in the steam-engine, 
however, supplied them with what they wanted, at a higher 
price certainly, but at any place and at any time they chose. 
As soon as steam-engines were used to drive the machinery, 
factories might be set up in towns, made independent of 
drought or flood, and wrought by a motive power whose energies 
could be adapted with the utmost nicety to the work requiS^.. 
Steam-engines were accordingly employed in turning the rollers 
and other machines used in spinning the cotton, as early as 
1785, and the inventions of Watt and Arkwright, when thus 
combined, gave an impulse to the manufacture, which neither 
of them by itself could have produced. To show the advantages 
that have resulted from this combination of intellect, industry, 
and capital, it may be said that the quantity of cotton introduce 
into tl^ country was under 5,000,000 pounds lyhen the inven- 
tions of Arkwright were projected; in 1886 it amounted to 
15,812^900 owta. 


CIVIL ENGINEERING.— VI. 

BT B. O. BARTHOLOtfBW, C.B., H.8.E. 

CANALS {continued). 

The loss of water in a canal is variable, and at some periods 
excessive. We have already pointed out the necessity of pro- 
viding for this loss by effecting a communication between the 
summit level of the canal and some invariable source of supply. 
This point is of paramount importance, and demands a still 
closer notice. Supposing the supply to be drawn from a river, 
it is usual to construct a weir across it, and after damming 
up the stream, to admit a portion into the canal. Thus 
whilst the level of that portion of the river above the weir 
will vary very slightly under the influence of drought or rain- 
fall, the amount admitted into the canal will be proportionally 
oon^nt. Under all circumstances of supply, however, it is 
imperative to provide a carefully constructed outlet for any 
excess of water arising from floods ; the position of this outlet 
will, of course, be in the same section of the canal with the 
supply. The character of the water admitted to tho canal is 
a matter of importance. If derived from a turbid source it 
should, if practicable, be passed through filtering beds, or 
reservoirs, in which any suspended matter may be allowed to 
settle. Tlnn plan will permit of a much longer period elapsing 
before the water need be drawn off the canal for cleansing the 
channel, for under all circumstances an accumulation or deposit 
of mud in the bed will arise, and unless a system of sluicing-^ 
a plan adopted to a gr^t extent in Italy — ^be emplbyed, the 
water must be oooasioi^y drawn off ; and as from necessity all 
navigation has to be stopped during this period, every means 
should be adopted to obtain pure water to supply the loss. 

The course of the canal, which we have stated must be guided 
by commercial as well as engineering considerations, needs a 
few words of consideration. It is not always possible, owing 
to the nature of the ground, to lead the main channel of a 
canal through a town. If such is the case, an offshoot or 
branch lead^g to some convenient looolity in tiie town, and 
terminating with a wharf, must be constructed* 

A certain proportion must be allowed to exist between the 
site of the locks and (he interval between them. The reaaon for 
this is that a look full of water drawn off from any interval 
above it for the purposes of navigation shall not lower the 
water in that internal excessively, that is, so that a loaded 
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iiarge oonld not float. As a matter of oonrae, the dimomnons 
of the ohaanol of a oattaL are id temii of the barges which nari- 
gate it. Thns if we enppose the maximtim dranght of any boat 
» D, its extreme breadth « b, and its extreme lengih, including 
the rudder, « L, it is usual to allow the depth of water (d') to be 
D ^ feet, in which B usually equals 5 feet; the width at the 
surface is usually 8(b 4- Sd^ = 40 feet ; and the width of the 
bottom 3b =s 25 feet The width of the channel becomes greatly 


one would be required if the looks were at a sufficient dittaaoe. 
In many instances canals hare been out to connect two tidal 
rlrers. There is in such a case no difficulty in obtaining the 
water for the navigation, as the whole channel may be re-fill^ 
at every tide np to the level of that tide. In this case, however, 
the entire channel must have a much larger capacity, as com- 
pared with that of the looks, than is required in o^er cases, 
because, as the supply is only obtainable at stated intervals. 


narrowed as it approaobes the look, where the width is the t sufficient must be admitted at these periods to compensate for 
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least. A lock need never exceed 
the breadth of a barge by more 
-than 1 foot or B *4- 1 foot. 
Again, the length of the look 
ehonld not exceed l 4“ 1 foot, 
and the depth D -f- feet. An 
ordinary oanal lock is 75 feet 
long, 8 feet broad, and 5 f^t 
in depth over the mitre-sill. 
Now the least length allow- 
able between looks should bo 
such that X2 inches of depth 
over and above what a loaded 
barge will draw shall, when the 
barge is en- 
closed in the 
lock and the 
water drawn 
off, never lower 
the water in 
the interval 
above more 
than () inches. 

Honoo when 
the chambers 
of the look are 
large and the 
canal narrow, 
a greater dis- 
tance must 
bo arranged 
between the 
locks. 

The Soone 
and the Loire 
are united by 
the canal of 
Briaro, navi- 
gable to ships 
■of small bur- 
den ; henoothe 
respective di- 
mensions are 
larger than 
those given 
above. The 
looks ore 110 
feet long and 
17 feet wide, 
giving a snper- 
llcial area of 
1,870 feet. If 
the fall be 
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the whole loss arising from the 
navigation during the interval* 
Hence the oanal becomes its 
own reservoir. 

The form of the chambers 
of locks should be a paral- 
lelogram; it is the most con- 
venient, and expends the least 
quantity of water. In the 
canal of Languedoc the form is 
oval, but the greater loss of 
water expended more than coun- 
terbalances the advantage of 
greater strength obtained by 
the curved 
wall. The 
walls of a lock 
should not be 
perpendicular 
outside. The 
pressure of 
water being 
proportionate 
to the height 
of the column, 
the walls mnst 
have the 
greatest width 
at their base, 
and narrow 
gradually to- 
wards their 
summit. In- 
side, the wall 
may be per- 
pendionlar, ex- 
oept at the 
bottom, where 
they may have 
the same onrve 
as the sides of 
the boats. The 
walla should 
not be less 
than 4 feet 8 
inches thick at 
the level of 
the water, and 
shonid have 
throughout 
them a liniTig 
of bricks set 
in cement to 


6 feet 4 inches, 11,848 onbio feet will be drawn from the upper 
section; if 8 feet 6 inobes, 15,859 cubic feet ; if 10 feet 6 inches, 
19,035 cubic feet. The oanal being 48 feet wide at 8 feet below 
the ordinary level of the water, the length of the interval to the 
next look should be 446 feet, so that the fall of 6 feet 4 inches 
in the look should not lower the water in the interval more than 
6 inches. It mnst, however, be 607 feet when the looks are 8 feet 
6 inches of fall, and 755 feet when the fall is 10 feet 6 inphes. 

The importance of attending to these points will be seen from 
suppoaing a ease where the reverse has occurred from necessity 
or oversight. If two looks, hating a fall of 8 feet 6 indies, were 
only separa^ by 160 feet, the water drawn from the interval 
for the purpose of mounting the boat would lower it nearly 
26 inches, and there would not remain sufficient to keep it afloat ; 
oonsequentlyit wonld be necessary to draw a lookfnll from the 
upper interw, and then a second to cause it to nse, whilit only 


prevent filtration of the water. The openings of the look are gra- 
dually widened, after leaving the mitre-sills, by what o.re termed 
shoulders of defence facing the higher level, and discharging 
walls facing the lower level. The continuations of these are 
termed wing walls and return walls. The whole of these are 
built of one continnous piece of masonry upon each side of 
the lock respectively, and have for their object the prevention 
of the water passing round and behind the chamber-walls, 
and the resistance necessary to withstand the thrnst of ihe 
gates when under the infinenoe of the water-pressure. In Fig. 
9 we give an elevation of the usual form of a look-diamber 
contiguous to the gate. The finished masonry extends 6wm K 
to 23, from which points the shoulders spring, diverging right 
and left. The position of the anchors which support the collars 
or hanging-pieces of the gates, as rfiown at Fig. 7 (Vol* I., page 
886), is allowed for during the building of the side walls by the 
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hiter^cm of solid bloolcs of stone. The platform of the look is 
a point requiring great oare in oonstmotiou. tt has to receire 
the shook of the water when admitted by the opening of the 
slnioe, and is Tery difficult to keep in repair. It is usually 
formed of timber l^d upon a foundation of piles, with a layer I 
of masonry beneath it. The ends may with advantage be 
worked into the masonxy of the side walls. Where it is possible 
to obtain them, largo flagstones are preferable for the surface 
of the platform. 

The limbers forming the grates of looks will vary in size 
according to the dimensions of the opening, and their respective 
depths below the waterdevel, the lower rails having to support 
a greater pressure than those above. The weight ot water sup* 
ported by each horizontal rail will be found by multiplying their 
length, the interval from one to the other (usually 88 inches 
from centre to centre), the height of the water above the centre 
of the rail, and the product by 62 lb. (the weight of a cubic 
foot of water), the last product of these measures giving the 
number of pounds which the rails ought to support throughout 
their whole length. For small gates the timbers or rails may 
be from 4 to 5 inches square, and for larger, from 7 to 8 inches ; 
the latter being sufficient for a fall of 10 ft. 6 in., with a width 
of 17 feet between the hanging posts, six rails being put in the 
height. Whilst on the one hand it is desirable to have an elcesa 
of strengrth above the calculated requirement, it is on the other 
hand luidesirablo to make this excess excessive, as so much 
more weight is injurious to the supporting collar and the masonry 
to which it is attached. The diagonal direction of the braces 
may be dispensed with by the substitation of a bar of iron 
pla^ diagonally from the supporting collar to the lower end of 
the shutting-post. The escape of water through the gates 
must in every way be guarded against. It is very ^fficiUt, 
indeed almost impossible, to prevent its escape through the joint 
of the shutting-posts, because of the difficulty of making them 
touch throughout their own leng^. To obviate this they should 
be out in a circular form, one concave and one convex ; the our- | 
vaturo should bo with a radius of about 12 feet. The rails are j 
mortised into the uprights, and are further strengthened by 
strong angle irons and T-pieces. 

The sluice is ordinarily an opening, Q (Pig. 10), left in the 
framing of the gate, and closed by a paddle, P, working vertically 
in guides o, o, and raised or lowered by an iron bar, B, termi- 
nating at the top in a rack, b, aotuai^d by a pinion, w, and 
handle, n. 

In Pig. 11 is shown another kind of sluice, in which the 
paddle, p, moves laterally, being fixed to the short end of a 
lever, L, heavily weighted at the lower or paddle end. The 
movement is given by a rack and pinion working nearly hori- 
zontally. The idea of this arrangement is that when no water 
is pressing against the paddle, the weight at the bottom 
draws it over the aperture, and when drawn back by the 
toothed gear it will remain back until the water-pressure ceases 
through a level having been obtained. In some cases screws 
are employed to raise the paddles (Fig. 12). This plan is 
adopted at Dunkirk. There are, os wo have intimated in a 
former chapter, other modes of raising or lowering tho barges 
from one level to another besides looks. The “lift*’ is a plan 
adopted upon the Gra/nd Western Qcmal^ and has certain advan- 
tages over the look. These lifts are 4G feet high, and consist of 
two chambers, having a piece of masonry between them. Each 
chamber contains a timW cradle, in which tho boat is placed 
which requires to be raised or lowered. When on a level with 
the canal the cradle allows the boat to swim into it by raising 
a water-tight gate at the end. The two cradles, when full of 
water, or when containing a boat, balance each other, being 
suspended by strong chains, which pass over iron wheels placed 
above the level. .An additional 2 inches of water in the cradle 
not containing a barge is sufficient to raise the barge in the 
other, l^e barges using these lifts weigh 8 tons, and occupy 
8 minutes in passing up or down the 46 feet, and only 2 tons 
of water are consumed in the operation, whereas 8 tons would 
be expended for boats of this tonnage in the ordinary way. 
If an inclined plane is employed to raise or lower the boats, 
they are floated upon a sledge, which is drawn up by a steam- 
eni^e. 

Notwithstanding liie obvious advantages of conveying heavy 
merchandise by water, it is remarkable scarcely any atten- 
tion was paid to the subject in this eountiy until abwt the 


middle of the sixteenth century, when it was proposed to render 
the Isis and the Avon navigable, and then to unite the two 
streams by a canal 8 miles long. The first canal of importance 
was the Duke of Bridgewater's, between Worsley and Man- 
chester, exeonted by Brindley. Several remarkable instances 
of bold and successful engineering occur upon this canal, espe- 
cially the aqueduct over ihe IrweU at Barton, consisting of three 
semi-circular arches, tho centre arch being 68 feet span and 
39 feet over the river. Since the year 1776 no less than 2,400 
miles of canal have been made in^ Great Britain. One of tho 
most celebrated is the CdUdoniwn Canals uniting Fort William 
with Inverness. The entire distance between these points is 
upwards of 100 miles, but in consequence of the natural position 
of the chain of Lochs Ness, Qioh, L^y, Eil, and linnhe running 
in an almost right line in a direction from north-east to south- 
west, only 21 miles of canal were requisite to render the entire 
line navigable for vessels drawing 15 feet. The breadth of the 
canal and enlargements of the looks is 122 feet at top, and 50 
feet at bottom, and the depth 20 feet. The slope of the sides is as 
2 of height to 3 of breadth, and is continued to within 2 feet 
of the water-level, the bonk being 6 feet wide. Throughout the 
entire canal there are 23 looks, each being 40 feet wide and 172 
feet long. Somewhat to the sonth of the northern entrance an 
enlargement of the canal to 162 yards of breadth for 967 yards 
of length constitutes a floating dock for repairs and other pur- 
poses of 32 acres. Loch Ness, the most northemly of the 
chain, has a level 32 feet above the canal, to which vessels are 
raised by the four Muirtown looks, each 180 feet long, and 40 
feet broad. The addition of Loch Ness gives at once a natural 
addition of 22 miles to the navigation. At its south-west 
extremity five more locks raise the navigation 40 feet higher to 
Loch Oich. The waters of Loch Loohy are 10 feet higher than 
those of Loch Oich, and are reached by tho intervention of a 
single lock. This loch forms tho summit of the canal, which 
then dcgconds C4 foot to Loch Eil by eight locks. The whole of 
these eight connected looks are formed of solid masonry 1,500 
feet long. The foundations of the embankment at Claohna- 
oharry are in mud, which is so soft that an iron rod could be 
thrust down 55 feefc with oaso. Tho mode in which the lock at 
this point was constructed is so instructive that we give it. 
Tho immense depth of mud precluded tho use of a coffer-dam ; 
an iron railway was accordingly laid down, on which the heavy 
clay found close by was carted, and the two banks of the canal 
were formed by “ tipping '' as far as where the depth of water 
at an ordinaxy noap tide was 20 feet, and when the site of the 
intended lock was approached, the banks wore united into one 
mass. Tho weight of the clay compressed tho soft mud, and 
squeezed out the water. Upon this mound of clay a quantity of 
stone wa» laid, and allowed to remain fur six months, by which 
time the mound had sunk 11 feet, and become consolidated. 
The pit for the look was then excavated out of the consolidated 
clay, and tho water kept down by a steam-engine of nine-horse 
power. At the bottom of the excavation rubble stone masonry 
was laid with hydraulic mortar to the thickness of 2 feet in the 
middle of the chamber, increasing to 5 feet on each side, and 
upon this an inverted aroh of masonry was struck, and the side 
walls built. The entire cost of tho canal was ^982,859, and 
the quantity of Baltic timber expended upon the works was so 
great that the price rose from 28. 6d. to 7s. per cubic foot 
during the time occupied in its oonstruotion. 


THE ELECTRIC TELEGRAPH.-^VIII. 

THE tlOBSlS PBIKTINa TELBOBAPH — BINOINa-KBY — CODE— 
THE BECBIVIKG INSTBUMBHT— ABBAHaXMENT OF IN- 
STBUMENT-BOOH. 

The telegraph instruments we have already described are those 
that transmit their signals by the property which the electric 
current possesses of reversing the poles of a magnetised needle. 
We must now consider the next olass of instruments— namely, 
those in which the power of the emrent to convert a bar of soft 
Iron into a temporary magnet is tamed to account. As the 
student will doubtless have already learnt, we have nothing more 
to do than to take a rod of iron, and wind eome insulated wire 
many times round it, and then, by sending a current along thf 
wire, we at onoe convert the rod into a powerful magnet. This 
magnetio power eontmuee m long as the current passes, but 
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interrapt the omrent there will be a oormpondingr blank. We 
sniffhi in this way send strokes of rarioiu lengths, bat this 
would be found inoonvenient, since the paper does not always 
travel at exactly the sivme rate. Only two signs, therefore, are 
employed^a dot, which is produced by sending a very brief 
caarrent, and a dash, which is made by keeping the key pressed 
down for on instant. 

Sometimes, instead of a blunt point at D, we have a wheel 
with a narrow edge, which is in contact at one side with an ink 
roller. In this way the marks are inked on the paper strip, 
instead of being embossed. 

Wo have, then, here, as in the case of the needle instrument, 
two distinct signs— -the dot and the dash— and by a judicioua 
combination of these we can send any letter in the alphabet 
we choose. The very same code is employed as that used with 
the single-needle instrument ; in fact, the code used for that 
is merely the Morse code translated, an inclination of the needle 
to the left being considered the equivalent of a dot, and one to 
the right representing the dash. We append, however, the full { 
oodo of the Morse, which is now adopted in nearly all countries. ] 


gr»t. We give as tax example a specimen of a str4» as re. 
oeived, the equivalent letters being plaeed under each sign. 

D 1 . 8 8 E X * 

T E C* H N I 0 A T* 



The main difficulty in transmitting messages with this instru-* 
m^t is found in arranging the spaces properly ; and to meet 
this Professor Morse introduced a transmitting plate, in which 
each letter was represented by strips of ivory and brass inldd 
in a board. Any letter could then be sent by merely drawing 
a metal style connected with the line-wire over the sign on the 
plate, but this never came into general use. The full oonstruo' 
tion of the receiving apparatus, and the genertd arrangement of 
the instruments in the office, will easily be understood by re- 
ference to Fig. 37, which shows the interior of an instrument- 
room completely fitted. 



37. — INTERIOR OF AN INBTRXTMBNT-BOOM. 


The letters of the alphabet are thus represented : — 


A 


S 


L • umt • • 

u . 


H — -. 

V 


0 — — 



0 (ob) — — . 

X 



Y 

H..,. 

Q — 


I .. 

B 

9 

1 

1 


The following code is adopted to represent figures i— 

3 • v m 

0 

In this code, as will be seen, no letter requires more than 
iiir signs, while figtffes are all represented by five. The stops 
can easily be learnt from the needle-code in Lesson Y. Spaces 
about equivalent in lengt^i to the dash are left between each 
letter, those separating the words are about three times as 


In the instrument here shown, the set-screws which govern 
the play of the lever are placed at the end of the lever instead 
of on an arm attached to it, as seen in Fig. 86, but they act in 
the same way. The course of the paper strip can now be traced 
os it leaves the upper drum, passes between the rollers, and, 
after being emboss^, is wound on to ibe second drum to the 
left. Both these are so made that one side will take off, and 
allow the disc of riband to be removed or replaced. The clock- 
work is contained within the brass case of the instrument, the 
key by which it is wound up being seen. 

p is the battery-wire just disconnected from the ringing-key, 
behind which is the galvanometer. To the left of this is a 
switch, by which the current as it enters may be directed at 
pleasure to the alarum or the instrument, or, in the case of an 
intermediate station, be made to pass straight on. The wire l 
is that which communicates with the line, while T is oozmeoted 
to the earth-plate. The alarum is seen behind the drum on 
which the riband is coiled. 

The only other point to which we need ref^ is the small lever 
seen at the base of the receiving instrument : by means of this 
the clockwork can be started or stopped at pleasure. It would 
not do for the paper to be continually unwinding; the clockwork 
is therefore stopped by means of this lever. Aa soon aa the 
alamm rings to indicate that a message is coming, the derk 
alters the switch, so as to direct the ourrent to the instrument. 
He then gives a signal to show he is attending, and starts the 
clockwork. The riband then commences to unwind, and is 
^nbosied with the message which he can afterwards tsausexibe. 


THE STEAM-ENGINE. 


4 ^ 


THE STEAM-ENGINE.— VnL 

Br M. WioviB, B.A., B.So. 

C0N1>*NB®B— AIB-FUMP — FOBCB-PUUP — GOVBBNOB BALLS — 
THBOTTLB-VALVB — HOB8B-POWBB — ^WATT’S INDIOATOB. 

In non-oondensing engines the steam, after having done duty 
in raising or depressing the piston, is allowed to escape by the 
exhaust direct into the air. The oonsequenoe of this is that the 
full pressure of the air is exerted against the opposite side of the 
piston to that on whioh the steam is acting, and all this pressure 
to be overcome before the piston can be moyed. Ih the 
oondensing engine whioh we are now describing this source of 
waste is almost obviated. The cylinder here is nearly void of 
air, so that if we can in any way condense the steam that fills 
the cylinder after it has accomplished its work in driving the 
piston to the end, we shall have a vacuum into whioh the piston 
may return, and shall thus avoid ail loss of power from this 
cause. This object is accomplished by means of the condenser, 
whioh is another of the many great improvements in the engine 
that are due to the genius of James Watt. 

In the earliest engines the plan adopted was to cool^the 
cylinder by the application of cold water to its exterior surface. 
This plan was very slow, and caused a great loss of heat, as the 
cylinder became so cold that a portion of the fresh steam as it 
entered was expended in raising its temperature again, and in so 
doing became condensed on its inner surface. 

The next improvement consisted in injecting a jot of water 
into the cylinder, and in this way the condensation was effected 
much more rapidly, but still 


at a temperature very little below the boiling-point, and with 
this the boiler is fed. The more usual plan, however, is for the 
feed-water to have a temperature of about 120^. 

Various other kinds of condensers are often employed in place 
of that already described. In steam vessels ** surf^ condensers '* 
are commonly adopted. In these the steam is made to pass 
through a series of brass or copper tubes, on the exterior of 
whioh the cold water plays, and thus condenses the steam. In 
other oases the positions are reversed, the water being made to 
pass through the tubes while the steam is condensed upon their 
external surfaces, and this plan appears to meet with more 
general approval. In this kind of condenser it is well to let the 
circulation be as rapid as possible, and the more rapid it is the 
less the area of oondensing surface that will be necessary to 
I ensure efficiency. The usual proportion allowed is from twelve 
to eighteen square feet for each nominal horse-power of the 
* engine, but with a rapid circulation less than this will suffice. 
There must, however, be no delay in the condensation, or else a 
resistance will be offered to the movement of the piston. 

The supply of the water and steam should be so arranged that 
the steam as it enters the condenser is first exposed to the 
action of the heated water just leaving it. In this way the cold 
' water entering meets the steam when its condensation is nearly 
j completed. Condensers of this kind answer very well, but it is 
not often found necessary to employ them except in the case of 
marine engines. 

We have now referred to the various parts of the engine that 
! are shown in Fig. 32 : there is, however, one important part 

omitted there. In most oases it 


there was much waste of heat. 

At last Watt introduced the 
separate condenser, which has 
been found to answer remark- 
ably well, and to effect a very 
g^eat saving. The condenser is 
represented at O (see Fig. 32, 
page 17), and consists of a large 
air-tight vessel communicating 
with the exhaust by means of 
the pipe seen under the valve 
facing. 

A small force-pump, B, worked 
by a rod, h, jointed to the work- 
ing beam, raises cold water from 
a cistern or well, and forces it 
along the pipe, T, into the con- 



is an important thing to main- 
tain a nearly uniform rate of 
motion. Without some regula- 
tor, however, this cannot be 
attained ; the pressure of steam 
in the boilers often varies con- 
siderably from time to time ; the 
load of the engine is also sub- 
ject io constant fiuotuations; 
and ih a large factory some of 
the machines are frequently 
stopped for a time, and others 
again are set to work. The 
tendency of all these alterations 
is to produce great variations 
and irregularities in the speed 
of the engine, and cause thereby 


denser. The inner end of this 


much inconvenionoe. 


pipe is fitted with a rose, so that the water is scattered in a fine 
shower, and thus condenses the steam very rapidly, so that a 
considerable degree of exhaustion is maintained. A pressure 
gauge is usually affixed to the condenser, so as to indicate readily 
the exact degree of condensation produced. 

By the use of this arrangement the condensation is practi- 
cally instantaneous, and there is no delay in commencing the 
alternate stroke. Tlie injected water added to that produced 
by the condensation of the steam accumulates in the condenser, 
and would soon impede its action were no means provided for 
removing it, and any air whioh may find its way in with it. An 
air-pump, u, is the^ore placed by its side, and motion is im- 
parted to it by means of the pump-rod, v, whioh is affixed to 
one rod of the parallel motion. 

A pipe, olos^ by a valve opening outwards, leads from the 
lower end of the condenser to this pump, and along this the 
condensed water and the air pass, and are delivered into the hot 
cistern, N. The air, of course, bubbles up through the water and 
escapes. 

The steam when it leaves the cylinder has still a large amount 
of heat stored up in it, and this raises the temperature of 
the injected water, so that the water in K is quite hot. It is 
used, therefore, to feed the boiler, into which it is injected by the 
pump, g, along the feed-pipe, 8. As much of the heat in the 
steam is latent, a large amount of water is required to condense 
it. If the oondensing water has a tenq>eratnre of about 60^ 
while the temperature when condensed is 100^ or 120*^, nearly 
twen^ pounds of water will be required to one pound of steam. 
This i^ of course, very much more than is required for feeding 
the boiler ; aitd hence, in many engines, arrangements are made 
by whioh a portion of the condensed water leaves the odndenser 


The manner in whioh the speed is usually regulated is by 
means of a throttle- valve, acted upon by governor balls, as seen 
in Fig. 33. This valve consists of a metal disc, G, placed in the 
steam-pipe ; it is mounted on an axis passing through it edg^ 
ways, so that when it is horizontal the passage of the steam is 
not materially affected, but as it is inclined the passage becomes 
more and more closed. In some convenient part of the engine 
is placed a vertical axis, h i, mounted on pivots at each end, and 
driven by an endless band passing round the driving pulley A, 
and also round the axis of the fly-wheel or some similar part. 
On this axis are jointed two bent levers, c b, c B, each of whioh 
carries at its lower end a heavy metal ball, b. 

Above c c is a loose collar, d, supported by two rods, K K, 
hinged to the other ends of the levers, and moved by them. A 
groove in this collar holds two pins in the crutch of the lever, 
DBF, and thus moves the throttle-valve, o. If now the load of 
the engine be diminished, or from any other cause the speed 
increase, the balls at once, by centrifugal force, fly further apart. 
In BO doing they raise the upper ends of the bent levers, and 
with them the collar D. The result of this is that the end, f, of 
the lever is depressed and the valve partially closed, and the 
supply of steam being in this way diminished, the spe^ of the 
engine is at once reduced. If on the other hand the engine moves 
more slowly, the governor balls fall, and thus open the throttle- 
valve to a pTreater extent. In this way the i^e^ is maintained 
very nearly at a uniform rate. In some engines now made, the 
governor balls, instead of working a throttle-valve, are con- 
nected with a second slide-valve, and thus alter the period of 
the stroke at which the steam is out off, and in this way regu- 
late the speed. 

A regulator of the kind alxeady described is that most gene^ 


30 — 
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rally need. Its action is, however, far from perfect, as it takes | 
some little time for the engine to recover its rate of speed after 
a sudden variation in the load. Many alterations have been 
suggested t in some of these the governor balls are retained, but 
the construction of the valve is very materially modified, so as 
to render it much moro sensitive. In one form, which has been 
found to answer well, a doable spindle valve is used in place of 
the disc, two valves being mounted on the same spindle, so that 
a trifiing movement of this materially alters the rate at which 
the steam is allowed to pass. 

Before proceeding to notice the construction of other kinds 
of engines, it will bo well to explain the manner in which the 
power of an engine is described. In reading any books or 
])apors relative to engines we constantly find the term “ horse- 
|x>wer,*’ the engine being said to have bo many horse-power. 

Now it is important for ns clearly to understand what is 
meant by this expression, ospocially as it is often somewhat 
vaguely employed, being in some cases used to denote ** nominal* ’ 
power, and in others “ actual ** power. The latter, of course, 
varies with the pressure of the steam employed, but the former 
is an arbitrary term expressive of the size of the engine, and 
may generally be taken as expressing the actual power when 
the steam has a working pressure of 7 pounds to the inch in the 
case of a low-pressure engine, and 21 pounds in the case of a high- 
pressure engine. The actual steam pressure usually exceeds 
this, and as a result the actual power of any engine is usually 
much in excess of the nominal. 

The term “horse-power” was originally an arbitrary standard 
taken to express the work capable of being, under ordinary 
circumstances, performed by a horse, and is now used as ex- 
pressive of a force capable of raising 33,000 pounds to the 
height of one foot in the space of a minute. The actual horse- 
power of any engine may therefore bo easily calculated. 

By means of an “ indicator*' or gauge the actual pressure in 
the cylinder is ascertained, and from this a deduction of 1| 
pounds is made to allow for loss by friction, imperfect vacuum 
in the condenser, and similar causes. We then ascertain the 
nroa of the piston in square inches, and multiplying this by the 
working pressure obtained, as just explained, we find the total 
pressure on the piston. 

Now multiply the number of strokes performed in a minute 
by the actual length of each, and we shall thus learn the space 
traversed by the piston in feet. Multiplying this by the total 
pressure, and dividing by 33,000, we have the actual horse- 
power. 

The rule for calculating this should bo carefully remembered, 
as it is often required, and it may be simply expressed in the 
following form : — 

From the pressure of the steam, expressed in pounds per 
square inch, deduct I 4 pound for loss, and multiply the area 
of the piston in square inches by the remainder ; then multiply 
this amount by the space travelled by the piston per minute ex- 
pressed in feet, and divide by 83,000 ; the quotient will be the 
actual korse-powor. 

An example will render this perfectly plain. Let us suppose 
an engine whose piston has an area of 200 square inches, and 
the length of whose stroke is two feet. Further, lot it make sixty 
complete strokes or doable movements of the piston per minute, 
and lot the pressure of the steam be twelve pounds per square 
inch. What is its ootual power P 

The pressure exerted on the piston by steam in this case is 
200 X lot, or 2,100 lb., and the space travelled over by the 
piston in each minute is 120 X 2, or 2 40 foot. The work ac- 
oompUshed, therefore, is 2,100 X 240 = 504,000 foot-pounds, and 

the horse-power, therefore, is or a little over 15. If 

88,000 

in any of these eases the vacuum in the condenser is imperfect, 
there is a corresponding pressure opposed to that of the steam, 
and this must bo allowed for in calculating the power. 

The nominal power is, as we have said, an arbitrary expres- 
sion, and is nearly always considerably below the actual power, 
being often as low as from a fourth to an eighth of it. 

The formula usually employed for calonlating this is known 

as the Admiralty rule, and is as follows, where d is the 

diameter of the piston expressed in inches, and w tiie velocity 
of the piston expressed in feet per minute. 


We can now apply this rule to the case just given, but must 
first ascertain the diameter nf the piston, and since its area is 

200 square inches, this is about 16 inches. The formula . 

therefore becomes = 101 nearly. 

This, then, is the nominal horse-power of the engine. 

The same term is frequently applied to a boiler as expressive 
of its size and capabilities ; but it is very evident that in this 
cose its meaning is somewhat different. An engine of one 
horse-power will, as we have seen, exert a force equivalent 
to raising 33,000 lb. a foot high per minute. In an hour, 
therefore, it would raise nearly 2.000,000 lb. to the same 
height. Now we have seen that the evaporation of a cubio 
inch of water exerts a force equivalent to raising a' ton a foot 
high; to raise the 2,000,0001b., therefore, will r6<;[uir6 the 
evaporation of nearly 1,000 cubic inches of water. A con- 
siderable portion of the force thus produced is, however, 
employed in moving the engine itself, and wasted or lost in 
various other ways, so that a much larger quantity of water 
must be evaporat^ by the boiler to accomplish the amount of 
work required. 

Allowing for all these sources of waste, engineers calculate 
that as a general rule a boiler should evaporate one oabio Toot 
of water per hour for each horse-power of the engine. This is 
therefore taken as the standard ; and thus, when a boiler of 
50 horse-power is spoken of, we at once understand that one is 
meant which is, under ordinary circumstances, capable of evapo- 
rating fifty cubic foot of water per hour. 

There is a small but very important piece of apparatus that 
is frequently attached to one end of the cylinder of an engine, 
and known as the “indicator,” to which we 
mnst here refer. The pressure of the steam 
in the cylinder is often very different from 
that in the boilor, as the size of the steam- 
pipes and ports oonsiderably modifies it. We 
require, therefore, in order to tell aoonrately 
the power of the engine, some means of asoor- 
taining the pressure in the cylinder during 
,the stroke. Tlie vacuum in the condenser 
may likewise become imperfect, owing to the 
air-pump being out of order, or from some 
other cause, and wo want in some way to be 
apprised of the fact. Both these ends ore 
accomplished by means of the indioator, which 
is shown in Fig. 84. It consists of a brass 
cylinder, a, some ten or twelve inches long, 
and about two inches internal diameter; it 
is very tmly tnmed inside, and has a solid 
piston or plunger, 5,. fitting it accurately. To 
the upper extremity of the piston-rod a 
pencil, gy is firmly fixed, so as to record on 
a card anitably placed the movements of 
the piston. At the lower end a screw is 
cut, by which it is usually affixed to the upper end of the 
cylinder, a stop-cock, e, being placed so as to ont off the com- 
mnnicaiion when it is not required to use the instrument ; a 
spiral spring is fixed to the piston, 6, and at the upper end to 
a ring or fastening, c, fixed in a suitable position ; this is so 
arranged that when the spring is in its normal state, the piston 
is about the middle of the cylinder. The spring can, however, 
be compressed or extended. A cord, /, is mounted in a frame 
placed above the indicator, and made to move backwards and 
forwards with the motion of the piston. This is usually 
accomplished by a oord pasting round a pulley, and fastened to 
some convenient part of the engine. This oord polls the oard 
one way, and as soon as the motion of the piston is reversed, 
a spring or weight brings it back to its original position. 
When the stop-cook, e, is closed, the pencil is at rest, and a 
horizontal line is therefore traced on the card as it moves to 
and fro; but as soon as the steam is allowed to enter the 
indioator, the pencil >noves up and down, and a figure is traced 
on the bard wMoh indicates to an experienced eye the action of 
the engine. 

Let « be turned on jnst as the steam is admitted to the upper 
end of the cylinder, the piston h will be immediately forced up, 
and trace an almost vertical line ; the full pressure is not, 
however, instantly attained, and hence the line oontinnes for 
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ft little way to slope upwards. If the steam is out off at a 
third or any other portion of the stroke, the line immediately 
tends downwards, and by its rapid fall indicates the decreasing 
pressure, until the piston arrives at the lower end of the 

*^lTb.e^npper end is now put into communication vdth the con- 
denser, and if the vacuum there be good, it will be indicated by 
a sudden fall in the curve. The pressure of the air being 
idlowed to act freely on the upper side of the piston, it will by 
this be depressed below the normal line, the spring being 
extended by the pressure, and the lower the piston sinks the 
more perfeet does it show the vacuum to be. It is compara- 
tively easy to graduate the card so as to show at a glance the 
exact pressure, and also the degree of vacuum in the condenser ; 
and the further these extremes are removed from one another, 
the greater is the power of the engine. Wo may, in fact, 
obtain a general idea of its action from the area M the figure 
traced on the card; for the larger this is, and the more 
closely approaching to a parallelogram, the more perfect is the 
action of the engine. 

Apart from showing in this way the power, the indicator 
diagram is of very great service in showing the action of the 
^valves. If, at the extreme right of the figure, the line descends 
but slowly, it clearly shows that the communication with the 
exhaust is made too slowly, or else that condensation does not 
proceed with sufficient rapidity. The more vertical the lino is 
here, the better is the action of the condenser. The ascending 
stroke at the other end of the card should likewise be nearly 
vertical; but to an experienced engineer each comer of the 
diagram will indicate some peculiarity in the action of the 
‘lap’* or “lead” of the valve, and thus enable him at once 
to point out and rectify any defects. Wo can, however, only 
3n.st point out the broad principle of this very valuable piece 
of mechanism, and for full details must refer the student to 
some of the various works that inquire fully into the indicator 
and the indicator diagram. 

AGKICULTURAL DRAINAGE AND 
IRRIGATION.—VIIL 

By J. Wbiouxson, ik*rultitiaor o( Agriculture, Uoyul School of Hiucs. 

6EWAQB lERlGATION. 

Thb sewage question is interesting and important from two 
aspects : first, because it touches the sanitary condition of the 
country; and, secondly, as an agricultural problem. The pollu- 
tion of our rivers has been the first and most distressing effect 
of a large population and a defective sewage system ; and tlie 
loss of an immense mass of valuable fertilising material has 
been the second, although less urgently pressing, inducement to 
action. Hence the sewage question claims attotiou alike from 
town and country; and it is not surprising that every intelli- 
gent person throughout the kingdom should bo more or less 
interested by it. The problem is simplified by the admirable 
manner in which the agricultural requirements meet those of a 
more purely sanitary character. If the rivers cry out against 
an influx of filth, the land colls as loudly for matoi^ to restore 
its waning fertility ; henoe, both the land and water ore grateful 
when sewage is diverted from the rivers and ponred over the 
fields. Time is required to show how far such a system can be 
generally and suocessfuUy applied. The soil possesses a won- 
derful deodorising and decolorising power, and filthy water, 
after having passed through a layer or filter of earth, oomos 
forth more or less purified. Soil has also been shown, of late 
jears, to be capable of removing some of the most important 
elements of fertility from solution, and holding them until they 
are required as plamt-food. This power is not yet fully under- 
stood, but it is supposed to resemble that possessed by woollen 
cloth for fixing oolonring matter used in dyeing, or the power by 
'Which ohorooal acts in purifying sugar. Hence, soil is well 
•calculated both to render sewage innoouons, and to conserve its 
valuable fertilising qualities. The only questions are : How for 
these powers possessed by soils are likely to be persistent in any 
particular ease ? how far the produoe of such land will continuo 
to be wholesome ? and how far the sewage will continue to flow 
irom the area devoted to it as a ptire stream ? We are thus 
mtroduoed to the subject of “sewage irrigation,’* offering, as 1 
2t does, a simple solution to an important national question. I 


Divert the streams of sewage from their course towards the 
neighbonring river ; construct a series of water-meadows, or 
fields for oultiyation, laid out upon a similar principle, and 
allow the fertilising flood to expand over their surface ; let the 
purified water again be collected by ditches and discharged into 
the river at a lower level. Such is the simple plan proposed, 
and in many eases carried out with sucoess, up to the present 
time. 

Before entering more into detail with reference to cases in 
which this principle has been adopted, I shall point out tho 
advantages it presents over rival systems for utilising sewage. 
It deals with sowage as it is. There seems to be little reason 
for expecting that the population of this country will abandon 
the water-closet. Earth and ashes may in country places bo 
advantageously substituted for water, os has been shown by the 
Bev. H. Moule, bnt snoh a plan is not likely to meet with favour 
I in towns, and appeors impracticable for such gigantic centres of 
I population as linden, Birmingham, and Liverpool. If it bo 
granted that water will oontinno to bo the vehicle for carrying 
away urban exereia, then we have Irrigation as the solo means 
by which it can be advantageously applied, Sebomes have 
I indeed been proposed by which the valuable matter contained in 
sewage, as well as the deleterious and offensive matter asso- 
oiatod with it, should be precipitated, collected, dried, and used 
as a manure, while the water, freed from its impurities, should 
then flow hormlessly on ifcs course. Feasible as such a proposal 
may at first sight appear, it is beset with difficulty. The value 
of sewage does not depend upon its filthiness, bnt upon certain 
ingredients which occur in very small quanrities. Bobbed of 
j these, the sewage water would be valneloss, and any system of 
sewage utilisation, on the principle of precipitation, must pro- 
vide that these valuable ingredients be arrested in tho precipi- 
tated moss. This, however, is a difficulty which appears insur- 
mountable. First, because these valuable ingredients — ammonia 
and potash— are exceedingly loth to quit their sqlnble condition 
under any oiroumstanoes, and especially when mingled with such 
a mass of water as in town sowage. Tho consequence is that, 
precipitate os yon like, or with what yon please, the ammonia 
and potash will flow away in tho “purified** water, and the 
remaining mass, whether it bo nami^ ABC or X Y Z, will 
be of small fertiHsing value. From those considerations it is 
doubtful whether any plan based upon the principle of precipi- 
tation will have any groat measure of sucoess ; and irrigation 
is the only alternative. 

We have, then, to do with an immense mass of sewage, 
, the character of which we must very briefly oonsidor. Sewage 
I consists of the entire water-8ui)ply of our towns after it has 
been used for domestic purposes, of the excreta of mr.n and 
animals, of the rainfall of the town area, and of earthy matter 
washed and worn from the streets. It contains valuable ferti- 
lising matter in an extremely dilute condition. This can bo 
demonstrated by analysis, and many eminent chemists having 
examined town sewage at various times, have given us a toler- 
ably accurate idea of its composition. Phosphoric acid, nitro- 
gen, and potash, are the three prlnoipal ingredients of agricul- 
tural importanee. These substances can be purchased in the 
j form of guano, “superphosphates,” potash salts, and other 
! manures ; and since these substanoes are marketable, an esti- 
I mate can readily be formed as to tho cheapest rate at which 
j they may be obtained. Thus, it may bo shown that ammonia 
may bo purchased in the form of some manurial substanGo at 
I the rate of, say, ^60 per ton. Henoe, a commercial value may 
be attaohed to the three substances above mentioned, and by 
finding the proportion in which they exist in town sowage, an 
estimate may be formed as to its value. It is needless hero to 
enter further into detail, and it is sufficient to state that the 
value of sewage caloulated upon purely chemical grounds is l*8d. 
per ton, varying, of course, aooording to season and other con- 
ditions. The result of sewage irrigation agrees closely with this 
estimate, being more usually below than above it. Thus, in the 
ease of Bns^y, where the effects of sewage were closely watched 
by a Eoyal Obmmission, the Commission lost money upon the 
sewage, oontraoted for at Id. per ton. On the Barking Creek 
farm the reeuli of sewage application was approximately that 
100 tons of sewage yielded 1 ton of grass, and if this wei'o 
worth 10s., then lOO tons yielded 10s., or att^ rate of l*2d. per 
ton. It is only fair to state that Mr. Mechi, who eonverted tho 
whole of his farm manure into Uio liquid form, obtained vor/ 
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superior results to those j Hst g^yon j but it must bo remembered 
that Mr. Meohi had perfect control orer the composition of the 
liquid manure used at Tiptreoi which waSi probablyt frequently 
more concentrated than town sewage. Also, at Tipti^ the 
liquid dressing was applied tchen required; whereas in the 
utilisation of town sewage it is necessary to pour the water over 
the at all seasons, whether required or not. We have, then, 
to do with a substance of trifling value per ton, alibough of 
high value when we reflect upon its immense quantity. The 
question is therefore as follows : How is a substance v^ued at 
from Id. to 2d. per ton to be economically applied to the land ? 
How can we carry such a worthless material for miles into the 
country, and apply it for purposes of cultivation P The answer 
is simple. It cannot be applied advantageously where any 
appreciable cost per ton must be incurred. Pumps, expensive 
pipes, and business expenses, are serious difficulties in sewage 
application, and success will probably only ensue where gravity 
is the sole force for conveying the sewage to its destination. 
The estimated value of sewage depends upon chemical analysis, 
and upon results obtained at Bugby and elsewhere from its 
use. Both methods, however, fail in precision: the first, 
because the value of the water as an essential element in the 
development of plants is not considered; and the second, 
because the sewage has never been applied under conditions 
calculated to bring out its maximum effects. Could the use of 
sewage be restricted to seasons of the year when water is most 
needed, and could it then be applied to plants capable of 
making the greatest use of it, results far superior to any yet 
recorded might bo obtained. It is, indeed, probable that the 
success attending liquid manuring at Tiptree and elsewhere 
may bo thus accounted for, as in such cases thorough control 
can be exercised. In dealing with the drainage of a large town, 
storing the sewage cannot be contemplated. At the same time 
much may be done towards its profitable application by so 
dividing the fields over which it flows, that crops may be grown 
requiring it at different periods. This has been done with 
success at Barking Creek farm, where rye-grass, cereals, flax, 
mangold, strawborrios, etc., are very successfully cultivated with 
the aid of sewage. 

I shall now mention a few oases in which the drainage of 
towns has boon used for irrigating land. Edinburgh offers one 
of tlie oldest examples. There the sewage is allowed to flow 
over a tract of about 300 acres, with good results per acre, but 
the amount realised per ton of sewage is difficult to estimate, on 
account of the vast mass of water employed. The produce per 
acre per annum is from JS20 to ^30 worth of grass, sold to the 
cow-keepers of the city. The quality of the land is exceedingly 
poor, being little better than sand, a fact wldch has given 
countenance to the scheme of the Essex Beclamation Company 
for pouring the sewage of North London over the Maplin Sands. 
It is worthy of remark, that immense as is the mass of water 
used per acre in the case of the Edinburgh meadows, any 
attempt to enlarge the area of irrigated surface has been 
attended with a diminished yield over tlio remainder. Another 
curious fact is, that although sewage is capable of raising large 
crops of grass, the fertility of the soil does not appear to be 
increased. This fact has been pointed out by Messrs. Lawes 
and Gilbert, in their experiments at Bugby, whore land, which 
had produced large crops under the influonoo of sewage, imme- 
diately fell back to its old standard of productiveness when the 
supply of sewage was withdrawn. The authorities just named 
made a series of experiments upon the use of sewage in the 
neighbourhood of Bugby. They employed the large quan- 
tities of 3,000, 6,000, and 9,000 tons of sewage per acre respec- 
tively, upon contiguous plots, and found that each additional 
quantity was followed by an increase of crop, although the 
amount of grass per 100 tons of sewage used was less in the 
0 ^ of the heavy dressing. This, taken in connection with a 
similar result obtained at Edinburgh, is interesting, as showing 
the large amounts of this material which may be advantageously 
applied to land. Further, at Bugby it was found that olthough 
a large quantity of grass was grown, the quality of the herbage 
suffered under the system of sewage irrigation. 

The utilisation of the Croydon sewage has very often been 
cited as a successful enterprise. In this instance, sanitary oon- 
siderationB have been the chief inducement to action, and the 
writer will never forget one proof that, from this point of 
view the success has been most complete. Du a hot day in 


July he arrived at Beddington, and was kindly received by Mr. 
Marriage, the lessee of the irrigated land. Among other xefresh*^ 
ment, two bottles were placed upon the table, toe one oontain- 
ing a wine, the other a colourless fluid (not whisky), which Wes' 
neither more nor less than purified seviage. It appears that 
visitors to the irrigated fields are given the choice between wine 
and a sample of purified sewage, in order that they may thus 
test the complete success of toe process used. The appearance 
of toe liquid and toe absence of smell betokened the removal of 
idl unwholesome matter. The sewaged fields at Croydon yielded 
a rent of iB5 per acre to the lessors in 1868, but toe old 
lease was then just falling in. Italian rye-grass was toe crop 
exclusively grown, and this required frequent renewal, as in a 
year or two its place was uisurp^ by ** water-grass.** Frequent 
re-sowings have also been found necessary at Barking Creek 
farm. During the dry season of 1868 I was informed that 
toe irrigated lands at Beddington suffered from the drought, 
although supplied with an almost unlimited amount of water. 
Here the sewage alternately spreads over fields, and is collected 
by ditches three times in succession, after which it flows into 
the river. The exit of toe stream of purified sewage is perio- 
dioally inspected, and the condition of the water reported upon. 

In the foregoing remarks upon sewage irrigation the subject 
has been treated very generally. The mass of published statis- 
I tioal information is exceedingly large, and in order to enter 
into details much more space would be necessary than is here 
allotted to toe subject. The object of the writer has therefore 
been to introduce as many interesting facts as possible in con- 
nection with a subject which, in the preceding short essay, has 
been little more than outlined. 

PRACTICAX, PERSPECTIVE.— VII. 

Hithbbto all too pianos and objects delineated have been 
supposed to be so placed that some of their lines are parallel, 
and others at right angles to the plane of toe picture. 

We now enter upon the system by which perspective pro- 
jections are made when the sides of the plane or object recede 
from the picture at angles other than right angles. 

Beverting to Fig. 4 (Vol. I., page 298), it wiS be remembered 
that the triangle ecf was supposed to be laid down so that the 
points o and h were obtained on the horizontal line ; and these 
represented the true distance of the spectator from the picture. 

In the system now under consideration, a similar i^ngle, 
ACB, standing on toe line ab, is supposed to be laid down 
below or above the horizontal line ; and this will give the point 
I, the station-point of the spectator. The line id is then 
called toe line of direction^ as indicating the direction of toe 
central ray, or axis of toe cone of rays. 

With this brief introduction, it will, it is hoped, be found 
possible for the student to follow toe lessons. These are most 
carefully graduated, not merely according to theoiy, but from 
absolute practice in teaching. We will therefore at once pro- 
ceed to 

Fig. 34. — Here, having drawn the picture-line and the hori- 
zontal line, and having fixed the centre of the picture and the 
line of direction, the length of which is determined by the 
distance of the 8i>eotator from the picture, draw a horizontal 
line at s. Thus far for the height and distance of toe 
spectator. 

The next question is this — ^What angles do the sides of toe 
object make with the picture-plane P 

This must, of course, depend on the plan given in Fig. 35. 

Here x F is the base-line, or line on which toe picture-plane is 
to stand ; and the square A B D c is the plan of the plane to be 
put into perspective. 

From this it will bo seen that the angle P A B is one of 40®, 
and toe angle x A c one of 50^, with the plane of the picture. 

Betuming now to Pig. 84, and having dra^ a line at a 
parallel to toe picture-line, on each side of the point s construct 
angles corresponding with the angles which toe lines of too plan 
make with the line x f— viz., o 8 h and 1 8 j. In this case toese 
angles are known to be 50® and 40^ ; but as a rule, if a plan bo 
given, toe angles at the station-point may be oonstruotod similar 
to those of toe plan by the metood shown in Fig. 18 of ** Prac- 
tical Geometry applied to Linear Drawing** (Vol. I., page 124). 

Produce the lines s b and s j until they meet the horizontal 
I line ; and these points of meeting are called toe vanishing 
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poinU for these lines. Call the one y P 1 (vanishing point Ko. Now it will be remembered that when in former stndies a line 
1) and the other v F 2. . was supposed to be reoeding from the piotnre-plane at right 

From Y F 1, with radios y p 1 to 8, describe an are, ontti^ angles to it, and it was reqoLred to out off a oerUin portion of 
the line. Call this interimotion X P 1 (meoMuring that line, or to mark a partioolar point upon it, the real length 

point No. 1). From Y p 2, with radios Y P 2 to 8, desoribe an arc, , to be cot off was marked on the pictoie-line, and a line wm 
netting ike horisontiJ line in v p 2 (measuring point No. 2). { dsawn to the point of distnnee, intersecting the original line in 



* The reason why these points are called meosorinp points will j a point required. In the present system of perspective, the 
oe understood when their use in measuring is seen as we ; mecuvring points a/re used ^ thi$ purpoee, as will be seen by 
proceed. : the following process 

All the points necessary for our present purpose having been ' From s' set off on the picture-line the length m! s' and ▲' c* , 
we can now proceed with our perspective projection. equal to A b and A o, the sides of the plan. From b' draw aline 
fixed that the angle a of the plan shall be at a' on to the measuring point belonging to the vanishing point to 
the picture-lin^ draw a line from A' to each of the vanishing which the line which is to be out off is drawn. Thus the line 

we are now considering is drawn from a^ to Y p 1; therefore. 
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from S' tlraw » lino to mpI, which onttinsr the line a'tpI, I 
gives the intersection h, which is the point required; and Afb j 
is the perspectivo representation of the line as of the plan 
when receding at 40'^ from the pictnre. 

Similarly t draw a lino from a' to v p 2 ; and from (f draw a 
line to M r 2, cutting a' V r 2 in e. Then, as in the former ease, 
k' c is the perspective representation of the line A c of the plan. 

It is here neoeasary to bear in miiul a short rule — viz., all 
lines which in the object are parallel to each other vanish in the 
same point. 

Now, on referring to the plan, it will be soon that the lino B d 
is parallel to AC, and that the lino c d is i»ai'allel to A ii. 

'ITierofore, in the perspective projection, those lines will 
vanish in the same points, 

From h draw a line to V p 2, and from c draw a lino to v p 1. 

Those lines intersecting in d (which ebrresponds with D in 
the plan) will give a' h d c as the perspective representation of 
the plane A B D c when placed at the angles of 40*^ and 50^ to 
the picture-plane. 

Lot ns take Fig. 35, however, to be not a single planc^ bnt 
tho plan of a cube, the faces of which are at the stated angles 
to the pioturo-plano. 

Then, having projected tho plan already shown, erect a per- 
pondicular at a' — ^ viz., A* K. This perpendicular is to bo the 
real height of the foremost edge of tho object, whatever that 
rnny bo. But as in this case a onbe is the subject of the study, 
tho edge a^K will of course bo equal to any one of the edges of 
the plan — viz., a B, A c, b b, or c d. 

Now tho upper edges of the cube are parallel to the lower 
ones, and therefore they will vanish to tho same points. 

Therefore from K draw lines to both vanishing points. 

From h and c draw perpendiculars cutting the lines drawn 
from K in L and ir. 

From L and M draw lines to vp 1 and v r 2, and those, inter- 
secting in K, will complete tho representation of the cube. 

It will prevent tho student erporienoing much disappointment 
in his results if he bears in mind that when the angle on each 
Hide of the station-point has been constructed, the space oou- 
tainod between these two angles should correspond with the 
angle of the object itself ; thus, when an angle of 50^ has been 
constructed on tho one side of s, and an angle of 40° on the 
ether, then tho angle j s H remaining between them should be 
tho angle of tho object, whioh in the present instanoe is a right 
angle. 

It is also ncoessary to point out when a reotangular object, 
such as a cube, stands at equal angles to the picture-plane — 
that is, when it recedes on eaob side at 45*^ — tho points of 
distanoe become tho vanishing points. 

Fig. 36. — In this figure tho rule, that “ all lines whioh in the 
object are parallel to each other vanish in the some point," is 
plainly illustrated. 

Here the subject is a square, divided into smallor squares by 
lines parallel to the sides. 

Having drawn tho pioturo-line, horizontal lino, and line of 
direction, find tho vanishing points and measuring points, as in 
tho former case ; it has already been stated that tho station- 
point may be taken below or above tho horizontal line. Tho 
latter is ohoson in tho present study. 

11)0 angle A of the plan (Fig. 37) being fixed at a', draw lines 
to the vanishing points. 

From a' sot off a' b' and a' o' oquttl to tho sides of tho square, 
and from these points draw lines to tho measuring points, 
which, cutting tho lines drawn to the vanishing points, will give 
tho points h and c, completing the perspective view of the ex- 
ternal square. 

Set off on tho picture-lino between a! and b' and a' and c' the 
points 1', 2', 3', corresponding with those similarly figured in the 
plan. From 1', 2', 3' draw lines to tho measuring points, cutting 
a' aiid a'c, and from such iutorseotions draw lines to the 
vanishing points, which, emssing each other, will divide the 
square as required, and will thus complete the perspective repre- 
aoniation of the original figure. 

Fig. 38.— This is another adaptation of tho same stndy, and 
gives the principles on which windows, doors, etc., in buildings 
standing at an angle to the picture, are drawn. 

The height of the spectator and the distance having been 
fixed, let us suppose that the angle at whioh the plane is to be 
represented is that shown at 8— viz. , f b o. 


Produce « a until it outs the horisontal line fn v p. From 
▼ p, with radius to 8, describe an arc, cutting the horizontal 
line in M p. 

Draw A B, the vertioal edge of the plane to be drawn, and 
from its extremities draw lines to the vanishing jmints. 

From A set oS a o equal to the width of the plane, and draw 
a line to tho measuring point, which, cutting A ▼ P in e, will give 
the plane for tho distant vortical side c b. 

Now on A B set off the required points of division, E and D, 
and from those draw lines to the vanishing point, which will 
divide the plane into three strips, which, if it wore parallel to 
the ]>]ane of the picture, would bo horizontally placed. 

Between A and c set off tho points 1, 2, representing the 
widths into whioh the plane is divided vertically, and from 
these points draw lines to the measuring point, cutting a c in 
1, 2; on these erect perpendiculars, which will complete the 
figure. 

TECHNICAL EDUCATION AT HOME AND 
ABROAD. 

XI.-THE CITY AND GUIlDS Ot' LONDON INSTITUTE. 

BT SIB PHILIP MAONUH. 

The examinations in Technology held by tho City and Guilds 
of London Institute are iuteudod to replace the ceremony of 
admitting the young apprentice to tho freedom of his craft 
whioh took place years ago under the auspices of the master 
and wardens of the guild after having satisfied . themselves of 
hia proficienoy and practical skill. Nothing oonid bo more 
appropriate or more in harmony witli tho traditions of tho 
City companies than that these examinations should bo liold by 
the Committee of Assooiated Guilds. As now arranged, these 
examinations tost tho workman’s theorotioal and practical know- 
ledge of his craft. We have already shown how tho intro- 
duction of machinery, worked by steam power, into nearly 
every industry has modified the oonditiou;^ of apprenticeship, 
and has rendered necessary other instruotion than that which 
can bo obtained in tho factory or workshop. This supplemen- 
tary teaching is afforded in technical classes ; and it is to tost 
the knowledge therein acquired that these examinations have 
been instituted. The, great difficulty in arranging exa ninations 
in the theory and practice of different industries is the extreme 
subdivision of almost every trade into different branches, with 
one of whioh only the ordinary workman is generally acquainted ; 
and it is an open question whether it is desirable to oucounigo 
workmen to make tliemselvea acquainted with other branches of 
their trade than those in which they are commonly engaged. 
It is only in tho teohnioal school that the apprentioo can hope to 
obtain this wider knowledge of his craft; and there can bo 
little doubt that workmen availing themselves of the advan- 
tages whioh arc now offered will advance more quickly and 
will make bettor foremen than those who content themselves 
with acquiring such knowledge only as they oan pick up in the 
shop. 

The teohnologioal oxaminations of the Instituto have been 
framed with the view of ascertaining whether the workman, 
foreman, or manager has obtained a sound knowledge of the 
theory of his trade, and praotioal skill in the working of it. 
Classes for instruction oan be formed under registered toaohers 
of the Institute, who, on the results of the examinations, receive 
grants of £2 for every candidate passing in the first class, and 
of for every candidate passing in the second class. The 
grants to teachers are paid on behalf of those candidates only 
who are aotnally engaged in the industry to whioh the exami- 
nation refers. The examination ia held in two grt^es: tho 
Ordinary Grade and the Honours Grade. The Ordixuury Ex- 
' amination is intended prinoip^ly for apprentices and journey- 
men ; the Honours Examination for foremen, managers, and 
teachers of technology. There is no limit of age^ and no fee for 
exanvination, 

Tho following prizes are given in each subject, provided the 
' merits of the candidates justify the examiners in awarding 
them Honours Grade: let prize, £5 and a silver medal; 
2nd prize, £5 and a bronze medaL Ordinary or Pass Grade : 
let Prize, J83 and a silver medal ; 2nd prize, £3 and a bronze 
m^al ; 3rd prize, ^2 and a bronze medal ; 4th prize, ^ and » 
j bronze medal ; 5th prize, a bronze medaL 
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OertiflcibteB are awarded to all saocesefnl candidates. The 
oertidoates of two kinds : a Provisional Certificate and a full 
Teohnologicai Certificate. The former is awarded to candidates 
wlio pass ia tefdhnology only j the latter is given to those who 
pass certain examinations of the Science and Art Department, 
which testify to their possessing an elementary knowledge of 
one or more branches of pure science connected with their 
trade, and the necessary skill in drawing, and who sucoeod also 
in satisfying the examiners in technology. 

The number of oandidaies who obttun the full certificate, 
which in the Honours Grade may be regarded as a diploma of 
efiioiency, and is being aeoepted as such by employers, is com- 
paratively few. This is owing to a great extent to the desultory 
instruction in soienoe which our artisans too often receive, con- 
nected with the system of payment on results. Sufficient 
onoouragoment does not if®!* appear to bo given to the syste- 
matic study of those branches of science which underlie the 
technology of the industry in which the artisan-student is 
examined. Regular and graduated courses of instruction 
should be drawn up for persons engaged in different trades, 
oommonoing with clemen“^ry science and drawing, and leading 
up to technical applications of soiuuoo to the special ooou- 
pation of the student. 

A glance at the statistics published by the department will 
show how small a proportion of the candidates present 
themselves in the advanced grade of such subjcfts os theo- 
retical or applied mechanios, inorganic or organic chemistry, or 
steam ; whilst other aubjeotSi which are possibly more easily 
taught, such as physiology, physiography, and electricity, attract 
very large numbers of candidates. The consequence is that 
a great proportion of the men engaged in our various factories 
have not y^ been brought under the beneficial influence of the 
State-aided instrnction in pore science, and of these, an in- 
creasing nnmber present themselves each year for the Insti- 
tute’s examination in technology, and obtain only a provisional 
certificate. There can be no doubt that some method should 
be devised of carrying forward to higher stages the science 
teaching of artisan-students, as a preparation for instruction in 
technology. This defect in the existing system has not escaped 
the attention of the oommissioners, who have recommended 
that payment on results be increased in the advanced stages 
of all subjects, at least to those now made for practical 
chemistry and metallurgy, and that greater encouragement be 
given to grouping.’* 

SUBJECTS TAUGHT AT THE INSTITUTE. 

Tlie subjects in which examinations have hitherto been held 
by the Institute are the following: — It Alkali and Allied 
Branches : (a) Salt manufacture ; (^) Alkali manufacture ; {c) 
Soap manufacture. 2. Bread-making. 3. Brewing. 4. Dis- 
tilling : (a) Coal-tar distilling ; (6) Spirit manufacture. 5. 
Sugar manufacture. 6. Fuel. 7. Oils, Colours, and Varnishes, 
manufooture of. 8. Oils and Fats, inolnding Candle manu- 
facture. 9. Gas manufacture. 10. Iron and Steel manufac- 
ture. 11. Paper manufacture. 12. Pottery and Porcelain 
manufacture. 13. Glass manufacture. 14. Dyeing : (a) Silk ; 
{h) Wool. 15. Bleaching, Dyeing, and Printing of Calico or 
Linen. 1C. Tanning Leather. 17. Photography. 18. Electro- 
Metallurgy. 19. Textile Fabrics, manufacture of ; (a) Cloth ; 
(6) Cotton ; (c) Linen ; (d) Silk ; (e) Jute. 20. Lace manu- 
facture. 21. Weaving and Pattern-designing. 22. Fleotrioal 
Engineering : (a) Telegraphy ; (b) Electric Lighting and Trans- 
mission of Power; (c) EleotrioaJ Instrument Making. 23. 
Metal Plato Work. 24. Plumbers* Work. 25. Silversmiths* 
Work. 26. Watch and Clock making. 27. Tools : (a) Wood- 
working; (5) Metal-working. 28. Mechanical Engineering. 
29. Carriage-building. 30. Printing. 31. Ores, Meohaniol* 
I^eparation of. 32. Mine Surveying. 33. Milling (Flour 
manufacture). 84. Carpentry and Joinery. To these subjects 
Boot and Shoe manufacture and Hosiery have recently been 
added. In the subjects numbered 1, 4, 14, 19, 22, 27, oandi- 
fiates must select only one branch to be examined in. 

Candidates who have passed in any subject may be examined 
in a subsequent year in any other subject ; and candidates who 
have passed in any one branch of these subjects may, on subse- 
quent examination, obtain a certificate or prize in the same, or 
in a higher, but not in a lower, grade in any other branch of the 
same subject. Practical examinations are held in weaving and 


pattem-desigrning, in metal-plate working, in mine surveying, 
and in carpentry and joinery. To obtain Honours in any of 
these Bubjeots, the candidate must submit to a practical test. 
In mine surveying, the examination consists in practically 
surveying some portion of the surfaoo of a mine, in Icvelliug 
aoourately from one shaft to another, dialling levels under- 
ground, with shafts, winzes, rises, etc., and afterwards in care- 
fully plotting or mapping the same, and constructing a section 
from the plan so made. 

In weaving, besides answering questions on the processes of 
weaving, and analysing and working out patterns, each oandi-' 
date for Honours is required to design and execute ill suitable 
material an original pattern, and to forward the some to 
London. 

In carpentry and joinery, and in motal-platG work, a 
similar rule holds good ; and in the examination in these sub- 
jeots, the specimen of work executed by the candidate, and 
forwarded to the offices of the Institute, must be aocompaniod 
by a working drawing, with particulars of tlie quantity and of 
the nature of the material used. 

The programme annually published by the Institute eon- 
tains a full aiid detailed syllabus of each subject of examination, 
the examination questions set in the preceding May, and a list 
of the names of the examiners and of the teachers of registered 
classes. 

HOW TEACHEK8 ARB PROVIDED FOB THE INSTITUTE. 

The progress of this department of the Institute*B operations 
is greatly impeded by the absence of a sufficient number of 
good teaohers. According to the existing regulatione, the 
following olasses of persons may, on application to the Central 
Office, bo registered as teachers of the Institute : (a-) Any 
person who haa obtained a full technological certificate in the 
Honours Grade of the subject to be taught. (6) Any person 
who is engaged in teaching science under the Science and Art 
Department, and who gives evidence of having acquired in the 
factory or workshop a practical knowledge of the subject in 
which he desires to ho registered as a teacher, (c) Persons 
possessing special qualifioationB, to bo considered by the Insti- 
tute, for teaching technical subjects. 

llio results of the annual examinations show that the teach- 
ing is very inferior in quality to what it should be. Somo 
oonsiderablo time must elapse before the supply of good 
teachers can be made adequate to the demand for sound in- 
struction. Facilities will bo offered to toacbors of acquiring a 
knowledge of the principles of .their subject in the new 
Technical Institution recently opened in the Exhibition Road, 
and teaohers will do well to avail themselves of these 
faoilities, even although a temporary residenoe in London may 
involve some expense and inconvenience. Should the applica- 
tions for examinations in toohnology continue to increase 
during the next few years as they have done in the post, the 
demand for experienoed technical instructors will be very great, 
and the bulk of the payment on nesults will unquestionably 
foil to the share of those who have been well trained, and are 
conversant with the theory as well as with the practice of their 
work. 

The following table shows the growth in the nnmber of can- 
didates for the five years following 1879, and also in the 
number of teuhnical classes in connection with the Institute : — 


Year. 

Number of 
Centres. 

Number of 
Subjects of 
Examination. 

Number of 
Candidates. 

Number of 
Candidates 
who passed. 

1879 

23 

7 

202 

161 

1880 


24 

816 

515 

1881 

115 

28 

1,563 

895 

1882 

147 

87 

1.972 

1,222 

1888 

154 

37 

2,397 

1,498 

1884 

181 

40 

8,628 

1,806 


EXAMINATION qUESTIONB BET AT THE INSTITUTE. 

The following questions, selected from those set at the ox- 
aminations held in May, 1884, servo to show the character 
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of tha knowledge oandidstee are expected to poeiece. They 
/are taken from the papers in Iron and Steel Manufacture, 
Telegraphy, Weaving, Plumbing, Carriage Building, and Car- 
pentry. 

Iron and BUd Mamufaetwe* — Ordinary OrcuLe: When a 
tnixtnre of ferric oxide and ailica, in anoh proportions as are 
indicated by the formnla FcsOs+BiOa, ia heated to strong red- 
ness without access of atmospheric air, what takes place P 
What is meant by mallMble cast-iron,*’ how is it made, 
WThat chemical changes occur in the process, and to what pur* 
pose is it commonly applied P 

There are now in use alloys of steel and certain other metals s 
name those metals, and state to what purposes such alloys are 
applied. 

Honours Qrade : Give the mean composition of the gas from 
the top of a modem iron-smelting blast furnace in which coke 
is used for fuel, and state, as succinctly as you can, for what 
purposes and how it is utilised at iron works. 

In the smelting of iron ores, which contain lead, zinc, tita- 
nium, and chromium respectively, what becomes of those 
metals P 

State briefly what you may know concerning the properties, 
ohemical composition, and mode of producing steel at the Terre- 
Noire works in France, which steel is remarkable on account 
of the notable quantity of phosphorus contained in it. 

Why is steel oast under great pressure, as in Sir Joseph 
Whitworth’s prooet>B, alleged to be superior to tlie same kind 
of steel oast not under pressure ? 

Tslegraph^ .-^Ordinary Qrade : How would you fit a telegraph 
instrument at an intermediate station with a lightning pro- 
tector? 

Why is it preferable to eonstruot a long a&rial line with 
wire of a large gauge, and to work it with low battery power, i 
rather than to employ thin wire and to work with high battery 
power P 

Why does a galvanometer, wound with a few turns of thick 
wire, give a greater deflection with a battery of low resistance 
than would be the case if the instrument were wound with I 
many turns of fine wire P 

Besoribe any form of polarised relay, and explain its action. 
Honours Qrade : What is meant by a resultant fault in a 
submarine cable, and how is it allowed for in making a loop ' 
test P i 

Which of the two metals, silioinm bronze and phosphor | 
/bronze, is preferable for telegraphic purposes P Give the rea- 
%son for your answer. 

How would you plant a strutted telegraph pole in the i 
ground P | 

How would you determine the resistance of porous cells for i 
batteries, and how would you know whether their quality was ' 
good P 


» PRINCIPLES OF DESIGN.--XIII. 

ST CSBISTOFHBR DBBS6BB, FH.D., F.P.S., ETC. 

HaTiKO considered furniture, the formation of which requires 
a knowledge of construction, or of what we may term structural 
art, we pass on to notice principles involved in the decoration 
of surfaces, or in “ surface decoration,” as it is usually called. | 
Under this head, we commence by considering how rooms 
should be decorated ; yet, in so doing, we are mot at the yerj 
outset with a groat difficulty, as the nature of the decoration of a 
room should be determined by the character of its arohiteotuxe. 
My difflouliy rests here. How am I to toll you what ia the just 
decoration for a room, when the suitability of the decoration is 
often dependent upon even structural and ornamental details ; 
and when, in all oases, the character of the decoration should 
be in harmony with the character of the architecture P Broadly, 
if a building is in the Gothic style, all that it contains in the 
way of decoration, and of furniture also, should be Gothic. If 
the building is Greek, the decorations and furniture should be 
Ci^ook. If the building is Italian, all its decorations and fund- 
ture should be Italian, and so on. 

But there are further requirements. Each term that I have 
now used, as expressive of a siyle of architecture, is more or 
less genetia in (ffiaraoter, and is therefore too broad for general 
use. What Is usually termed Gothic arohiteoture, is a group 


of styles having common origin and resemblances, known to 
the arohiteot as the Semi-Norman or Transition style, which 
occurred in the twelfth century under Henry II. (it was at this 
time that' the pointed aroh was flrst employed). The Early 
English, which was developed in the end of the twelfth and 
early part of the tMrteen^ century, under Bichard I., John, 
and Henry III. ; the Decorated, which ooourred at the end of 
the thirtmth, and early portion of the fourteenth oentuxy, 
under Edward I., Edward II., and Edward III. ; the Perpen- 
dicular, which ooourred at the latter part of the fourteenth, and 
through the greater portion of the flftoenth oentnry, under 
Biohard II., Henry IV., V. and VI., Edward IV. and V., and 
Biohard III. ; and, lastly, the Tudor, which ooouired at the end 
of the fifteenth, and the beginning of the sixteenth oantnxy, 
under Henxy VH. and Heniy VIII. All these styles are pro- 
perly spoken of as one, and are expressed by the one term— 
Gothic. It is so also, to an extent, with the Greek, Boman, and 
Italian styles, for each of these appears in various modifications 
of chaxaoW, but into such details we will not enter ; it must 
suffice to notice that the character of the decoration must be 
not only broadly in the style of the arohiteoture of that building 
which it is intended to beautify, bnt it most be similar in 
nature to the ornament pxoduced at precisely the same date as 
the architeotnre which has been employed for the building. 

It must not be supposed that 1 am an advocate of repro- 
ducing works, or even styles of arohiteoture, such as were created 
in times gone by, for I am not. The peoples of past ages care- 
fully sought to ascertain their' wants — ^the wants resulting from 
climate — the wants resulting from the nature of their religion — 
the wants resulting from social arrangements — ^the wants im- 
posed by the building material at command. We, on tbe 
contrary, look at a hundred old buildings, and without consider- 
ing our wants, as differing from those of our forefathers, take a 
bit from one and a bit from another, or wo reproduce one 
almost as it stands, and thus we bangle on, instead of ever 
seeking to raise such buildings as are in all respects suited to 
our modem requirements. 

Things are, however, much better in this respect than they 
were. Bold men are dealing with the Gothic style in its 
^ various forms. Scott, Burgess, Street, and many others, have 
: ventured to alter it ; and thus, while it is losing old charao- 
teristios, and is acquiring new elements, it is alre^y assuming 
a character which has nobility of expression, tnrthfolness of 
struotare, and suitability to our special requirements. Iq time 
to oome, further changes will doubtless be made ; and thus the 
style wMoh arose as an imitation of the past, will have become 
new, through constantly departing from the original type, and 
as constantly adopting new elements. 

I have said that the decoration of a building should be 
brought about by the employment of such ornament as was, in 
time past, associated with particular form of arohiteoture 
employed in the building to bo decorated, if a precisely similar 
form of arohiteotoro previously existed. Let not the ornament, 
however, be a mere servile imitation of what has gone before, 
but let the designer study the ornament of bygone ages till he 
understands and feels its spirit, and then let him strive to 
produce new forms and now combinations in the spirit of the 
ornament of the past. 

This must also be carefully noted — that the ornament 
of a particular period does not oonsist merely of the forms 
employed in the architecture, drawn in colour on the wall, 
or the ceiling, as the case may be. The partioular form 
of ornament used in assooiation with some forms of Goihis 
architecture was very different in character from what wi 
might expect from the nature of the arohiteoture itself, and did 
not to any extent oonsist of flatly-treated crockets, gable endi, 
trefoUs, cinquefoils, etc. The ornament of tiie must be 
studied in its purity, and not from those wretched attempts at 
the production of Gothic decoration which we often see. 

In what we may call the typioal English house d the present 
day there is really no arohit^ure, and if such a building ia to 
be decorated it is as legitimate to employ one style of orna- 
mentation as another. In snoh a case I should choose a 
style which has no very marked features— which is not strongly 
Greek, or strongly Gothic, or strongly Italian ; and if there is 
the necessary ability 1 should say try and produce ornaments 
having novelty of character, and yet acknowledging (showing 
your knowledge of) the good qui^ties of all styles that are 
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pMt. If this is attempted, care muet be exerdaed in order to We glory in a dear bine sky oyerbead, and we speak of the 
•Told getting a mere oombination of elements from yariona sky as inoreasing in beanty as it becomes deeper and deeper in 
styles as one ornament. Nothing can be worse than to see tint. Thus the depth of ^e tint of the Italian sky is 
a bit of Greek, a fragment of Egyptian, an Alhambiaio scroll, to ns all. Why, t)^, make onr ceilings white P I often ask 
a Gk>thic flower, and an Italian husk, associated together as this question, and am told that the whiteness renders the ceiling 
one ornament ; such an ornamental composition would be de- almost invisible ; hence it is preferred. This idea is yery 
testable. What I recommend is the production of new forms ; ^ absurd ; flrst, because blue is the most ethereal and most 
but the new composition nu^r haye the yigour of the best ' distant of all colours (see Yol. L, page 191} ; and, aeoond, 
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Gothic ornament, the aeyerity of Egyptian, the intricacy of the , do we not build a house with the yiew of procuring shelter P 
Persian, the gorgeousness of the Alhambr^ and so on, only it | hence why do we seek to realise the feeling that we are withrat 
must not imitate in detail the yarious styles of the past. i a covering over our heads P We only like a white ceiling 

Now as to the decoration of a room. If one part only can be because we have been accustomed to such from infan^, and 
decorated, let that one part be the ceiling. Nothing appears to because we have been taught to regard a clean white ceiling as 
me more strange that onr ceilings, which can be properly all that is to be desired. I knew a Yorkshire lady who, upon 
ee^ are usually white in middle-class houses, while the waUs, being asked by her husband whether she would like the drawing- 
whioh are always in part hidden, and even the floor, on which room ceiling decorated, replied that she thought not, as she could 
we tread, sho^d have colour and pattern applied to them ; and then have it re-whitewashed every year. The idea wm clean oer- 
cf this I am certain, that, oonside]^ from a decoratiye point of tainly. Blue, I have said, is etheMal in bharaoter ; it is so, and 
onr ordinary treatment is wrong. may become exceedingly so if of medium depth and of a grey 
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hue ; henoe, if a more atmospherio effect wai sought, it would I 
bo desirable tiiat this colour be used on thb ceiling rather tihan ' 
white. But, as we have just said, invisibliitj of the ceiling is j 
absurd, as it is our protection from the weather. Farther, the 
ceiling may become an object of great beauty, and it can be | 
seen as a whole. Why then neglect the oppCrtunity of arrang- 
ing a beautiful object when tncre is no reason to the contrary t 
We like a beautiful coloured vase, or, if we do not, wo can ha^e 
it whitewashed, or even dispense with it altogether. We like 
boau^ul walls, or wo would have them whitewashed also ; in- 
deed, wo like our surromidings generally to be beautiful. Why 
not, then, have beautiful oellings, especially as they can bo 
seen complete, while the wall is in part hidden by furniture and 
pictures P 

I will suppose that we have an ordinary room to deal with. 
First, take away the wretched plaster ornament in the centre 
of the ceiling, lor it is sure to be bod. There is not one such 
ornament out of a thousand that can be so treated as to make 
the coilibg look as well as it would do without it. Now place 
all over the oeiUng a pattern which repeats equally in aB direo- 
tions (as Fig. 89), and let this pattern be in blue (of any depth) 
and white, or in blue (of any depth) and cream colour, and it is 
Huro to look well (the blue being the ground, and the ortam 
colour or white the ornament). 

Simple patterns in oroam colour on blue ground, but having 
a strong blabk outline, also look well ; and these might be pre- 
paid in paper, and hung on the coiling as oommon paper- 
hangings; if oheapnesB is essential. Gold ornaments on a deep 
blue ground, with blaok outline, also look rioh and ofPeotive. 
Tliese are all, however, simple treatments, for any amount of 
colour ‘may be used on a ceiling, provided the oolours are em- 
ployed in very small masses, and are perfectly mingled, so 
that ^e effoot produced is that of a rich coloured bloom (see 
Cfhap. VII., Vol. I., p. 229). A oeiling should be beautiful, and 
Mhould also bo manifest ; bnt if it must be somewhat indistinct, 
in order that the oaprioes of the ignorant be humoured, lot the 
pattern bo in middle-tint or pale blue and white only. 

I like to see the oeiling of a room covered all over with a 
suitable pattern, but I do not at all object to a large central 
ornament only, or to a centre ornament and oomers ; especially 
if the oornioo is heavy, so as to give oompensating weights in 
the margin. I have reoently designed and seen ** carried out 
one or two centre ornaments for drawing-rooms, which omo- 
monts were twenty-one feet in diameter. A centre ornament, if 
properly treated, may be very large without looking heavy ; it 
may, indeed, extend at least two-thirds of the way from the 
centra to the margin of the oeiling. 

If the oeiling is flat all ornament placed upon it must not 
only be fiat also, but must not fictitiously represent relief, for 
no shaded ornament oan be pleasant when placed as the decora- 
tion of an arohiteotural surface. 


TECHNICAL DRAWING.—XXX. 

THE BTSAM-ENGINE. 

'PuK modem steam-engine owes its origin and development to 
the united genius and persevering industry of many inventors. 
Its influenoes upon the dvilisation and comforts of the human 
race ore inoaloulable, and it may bo said with truth that no 
other moohanioal oontrivanoo has had so largo a share in the 
improoedented advanoemont that has taken place through the 
world during the present century. Even the printing-press, 
which ranks seoond, would never have aocomplished so muoh 
Avijshont the untiring power of the steam-engine to drive it. 

Like other great disoovorion, its origin seems lost in obscurity. 
More than 2,000 years ago Hero of Alexandria described a re- 
notion steam-engiue, which is now used as a sort of toy ; but the 
first to make a prootioal use of the elastic force of st^m were 
the priests in the heathen temples, and the more soientiflo war- 
liors of ancient story. They made hollow images of brass, idols 
or dn^fons, and filled them with water or spirits. Steam or 
vapour issuing from the month or nostrils seemed to indicate to 
the Idol-worshippers the wrath of their gods, and the fiery 
dragons served to terrify on ignorant enemy. 

The first man of whom any authontk) record exists as having 
dimly dreamed of the latent power of steam, was Solomon de 
C'ans, about the year 1614. His moohino was a sort of fountain 


worked by steam ; but the only result of his ingenuity was hla 
own incarceration in the Biodtre, the Paris lunotio asylum, by^ 
Cardinal Kieheiieu, the powerful minister of Louis XIV. Here 
ho was visited by the Marquis of Worcester^ who at length 
brought out his “ Fire Water Work,’* a rude pnmping-engiiie, 
and declared it to be an admirable and most forcible instrum^t 
of propulsion | but as the marquis was in disfavour, and sus- 
pected of being a madman, his machine attracted little pubtio 
notice, and was never practically adopted. These experiments 
and others prepared Ihe way for, and .excited the notice of,, 
future inventors, and Thomas Savory’s improvements Were 
quickly followed by Newoomen's engine, which oontained the 
germ of the present Oornish pumping-engine. Its valves were 
moved by boys, and one of them, named Humphrey Potter, 
desiring to leave his irksome task for play, arranged oords atr 
inched to the engine so as to move the valves. This was a 
great improvomont, and reflected muoh credit upon the youthful 
inventor. Brindley, Smeaton, and others mode further progress^ 
but the greatest improvements were made by James Watt, who 
is justly styled the father of the modern steam-engine. 

In partnership with Matthew Boulton, of Soho, near Bir- 
mingham, Watt rapidly mode numerous changes in Newcomen’s 
engrine, and brought the Comiah pumping-en^e to the state in 
which it now exists. Ho also arranged the beam-engine to 
drive factories, and made many other minor improvements. 

In 1802 Captain Trevothiok patented the first locomotive, and 
several were used to drag colliery trucks in South Wales ; bnt 
they wore heavy and slow, and altogether inefiicient for pas- 
senger traffic. After many alterations and improvements oh 
the original idea, several difi*orent types of locomotive wore in- 
vented, and in 1830 Stephenson’s engine, the ** Bocket,” was 
worked most suecessfuUy on the Liverpool and Mauohester 
Bailway, and it contained the same general features as the 
looomotivos now in use all over the civilised world. 

Meanwhile engineers wore not idle in their application of the 
same potent agency to the propulsion of ships. The first to 
realise and carry out this idea scorns to have been a Spanish 
captain, Blasoo do Garay, who in 1543 induced the Emperor 
Charles V. to allow him to put his idea into praotioe. No trust- 
worthy accounts exist, but it is stated that his ship was moved 
by paddles, and bad a steam-boiler on board. The ship seems 
to have moved at about four miles an hour in the harbour of 
Barcelona, but was not developed further. 

In the beginning of the present century, Bobert Fulton and 
others made several stoam-shipB, but the first which left England 
for Amerioa was the SiHus in 1838, followed quickly by the 
Great Westerti^ and now there is hardly a sea or river where 
steam-ships are not seen. 

Such, then, in brief outline, bas been the history of tliis mar- 
vellous invention. Those only who have made the giant strides 
in its oonstruotion have their names and deeds known to fame, 
but hosts of inventors have emulated their exertions, and we see 
the results in the modem steam-engine. 

Several distinct types of steam-engine are known, but un- 
ceasing change is still going on in matters of detail. It would 
bo altogether foreign to the purpose of the present subject to 
enter into these matters, and two typos only have boon seleoted 
for illustration. 

One, tho vortical engine, as generally em^doyod for marine 
purposes. The other, most universally known for stationary 
use, and the best for smaller sizes, namely, tho horizontal high- 
pressure engine. This last forms tho subject of the present 
lesson, and is preceded by detailed drawings of its various parts. 

Before describing tho details of this engine, it will be well to 
consider tho subject of designing machinery. It should never 
bo forgotten that art ought to have its fnll share as well as 
Boionoo, and if any parts seem disproportioned to an educated 
eye, it is a aura aign that they need oozrecting in Some way. As 
with a building, so with a machine, each should have its own 
peculiar beauiy; and there is as muoh art and good taste 
required for the design of an engine or machine as in planning 
a house or palaoe. But the forms suitable for a afone building 
are not proper for tron. machinery j f example, the older side- 
lever marine engines were made strong and massive, but carved 
and ornamented like a Gothic building, with pointed aroiies, 
window-frames, muUions, capitals, etc.; while pedestals and 
shafts arranged npon this stracture, wi^ oh ntter disrej^rd to 
position or fitness, gave to the whole thing a stupendous inooDr- 
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grnity. These eiraogo mixtures of styles were, fortunately, compass. The inoonvenienoo of snoh an arrangement is yery 
as a rule, buried in the holds of ships ; but they furnish most groat ; for the parts are with dhHoulty cleaned, cannot bo aeon 
admirable lessons of what ere^ designer of machinery should or oiled, and therefore soon get out of repair. A yery slight 
ayoid. ^1^ true beauty of design in engineering design follows experience in machinery furnishes many iUustrationB of this 
the same rules as those which render a group of statuary defect, and it is peculiarly common with steam-engines. Cases 



pleasing to the eye : and the graceful forms of a well-designed ' exist, as on board ship, where economy of space is almost as 
machine impress the mind with a sense of beauty, of fitness, ! important i^s economy of fuel, and there close packing is nn- 
and of power. ayoidable, but in the majority of instances ol^ paoldog of 

These remarks apply in fayour of all the maohinos illustrated working parts is an eyil to be avoided, and not an object to be 
in this work, especially to those of Sir Joseph Whitworth, and sought. Another important consideration is the oonstructiye 
to the drawings of steam-engines now under notice. detail, and it is here that experience becomes requisite, and any 

A great irror is frequently committed by designers in at- mere theoretical education fails altogether. All parts of an 
tempting to pack their machines into the smallest possible engine or machine onght to fit into their places without removing 



60 


THE TECHNICAL EDUCATOR. 


^ those already fixed, and not, for example, require an entire frame- 
work to be removed in order to get in a abaft or wheel. The 
design should follow oonstmotion, and the machine be built up 
in imagination before being made in the workshop. Thus unanit- 
able arrangements may be detected, and the great expense of 
altering work already made avoided. Every part of a machine 
ought to possess equal strength, exoept in such oases as clay- 
mills, where accident or misoUef may give a far heavier strain 
than the parts are calculated to endure. Where such circum- 
stances exist, it is desirable to have a cheap simple casting 
made, weaker than the rest of the mill, so that fracture shall 
take place in it rather than in the more costly parts. 

The knowledge of proper proportions cannot be perfectly 
acquired otherwise than by observation and experience, and it 
is excellent practice to copy good maohinexy drawings, or the 
machines themselves. The strength of materials forms a useful 
basis for this knowledge, but so great a margin is necessary to 
allow for irregular strams and ensure rigidity of the parts, that 
calculations of theoretical strength in machines, although inte- 
resting and useful, are, as a rule, exceedingly difficult in their ap- 
plication, and practical experience is found absolutely neoessary. 

Cost of construction is affected much more by design than 
workmanship, and a machine well designed and constructed is 
invariably cheaper than one badly designed and made. Mere 
cheapness 4 b a thing to be avoided, and simplicity should take 
its place. *It is the duty of the designer to arrange the parts 
or details so tliat they may be easily and cheaply made, while 
effectually answering their intended purposes : the amount of 
labour ho may save is much more thw can over be gained by 
ooroloBB workmanship, to say nothing of the more satisfactory 
results. 

GSKIRAL DESCRIPTION OF ENGINE DETAILS. 

8caUj one inch and a half to the foot. ^ 

Fig. 275 is a horizontal section of the cylinder and valve- ' 
box, showing the steam-ports, passages, and many other details. 
Fig. 276 is a side elevation, with the front view of steam-ports, 
the valve-box cover being removed; and Fig. 277 is a cross- 
section through the middle of cylinder, at right angles to its 
axis. Fig. 278 is a front elevation to show the cover, bolt- 
holes, and glands. Inside the cylinder is a piston, shown in 
section and elevation, known as Bamsbotham’s Patent. The 
packing consists of several thin steel rings, held in grooves in 
the cast-iron block, while steam, admitted behind them, allows 
their own elasticity to keep the rings against the smooth inner 
surface of the cylinder, and so retain a steam-tight joint. 

The inlet and outlet ports for steam are clearly shown by 
Figs. 275 and 277, the latter being made of larger dimensions, 
so 08 to carry away the greater volume of expended steam after 
it has driven the piston. The object of having the exhaust- 
pipe taken from below is to carry off all the oondensed water 
from the cylinder. 

Figs. 279, 280, and 281 are three views of the slide-valve, 
called a short D-valvo, from its appearance being originally 
like that letter. This valve covers over the ports, and being 
moved by an eccentric (shown in the next lesson), it admits and I 
exhausts steam at proper intervals. 

The crank (Figs. 282 and 283) is shown in side and front 
view ; it fits upon the end of the main shaft, and is the means 
of converting rectilinear into rotary movements. 

APPLIED MECHANICS.— XL 

BY BIB BOBSBT BTAWELL BALL, K.A., LL.D., 
Astronomer-Boyal for Irehtnd. 

THE TUKNINQ-LATHE AND THE SLIDE-EEST. 

The turning-lathe is the most important tool used in giving 
definite form to masses of iron or other substances. It enables 
us to produce with perfect accuracy any surface of revolution. 
The nature of a surface of revolution will be understood from 
Fig. 1 in the opposite page. A curve, a q p b, is oonceived to 
revolve about the line A B. It describes a suxface, the nature 
of which depends upon the form of the curve a q p b. If this 
were a semi-circle, as in Fig. 2, the surface traced out is that of 
a sphere. If a q p b formed a rectangle, as in Pig. 8, then the 
line p Q produces a cylinder, while a q and b p form the circles 


which are at the ends of the cyUBder. If A Q B form a triangle, 
as in Fig. 4, the line B Q traces out a cone, and A Q forms the 
circle at the base of the cone. The axis A b, about which the 
curve revolves, may be entirely independent of the arm, as, for 
example, in Fig. 5, in which the drole p q revolves around the 
line A B. In this case the circle traces out a ring. It will be 
seen from these simple examples tiiat a great multitude of 
different forms are surfaces of revolution. In fact, the majority 
of symmetrical forms are of this class. 

All surfaces of revolution have one property in common 
which arises from the nature of their mode of generation* We 
shall fix our attention upon the point P (Fig. 1). Let fall a per- 
pendicular, F B, from p upon the axis* of revolution, A B. The 
line PB remains of constant length when the curve rotates 
about axis A B. The point P must therefore describe the 
circumference of a circle of which b is the centre and p b the 
radius. The same is obviously true for every other point along " 
the curve a q p b. It follows, therefore, that the entire surface 
of revolution is produced by each point in the curve describing a 
circle. We may state the same property in slightly different 
language. Suppose a plane perpen^cular to the axis A b to 
bo drawn, then the intersection of this plane with the surface 
of revolution is always a circle. 

To form, therefore, a surfaoe of revolution from a piece of 
material, it ia only neoeasary to produce a aeries of circles the 
centres of which lie upon the axia of revolution. K these 
circles have equal radii, then the snrfaoe of revolution ia a 
cylinder (Fig. 8). If the radii increase uniformly from one end 
of the axis to the other, then the snrfaoe is a oone (Fig. 4). 

The turning-lathe is a tool by which circles can be produced, 
and since the radii of the circles can be disposed at pleasure, 
the tuming-latho provides the means of prodnoing surfaces of 
revolution. If we remember how important are ^e forms of 
the cylinder, the oone, and the sphere, not to mention the other 
surfaces of revolution, we shall be able to understand the vast 
utility of the lathe in the arts of oonstmotion. 

The simplest form of the turning-lathe is shown in Fig. 6. 
This lathe is intended to be worked by the foot, but in principle 
is the same as if intended to be worked by a steam-engine or 
other source of power. 

The action of the crank will bo understood by Fig. 7. c e 
is the foot-board ; this turns around a centre at c, and at the 
point F the pressure of the foot is applied. Thus the foot- 
board is a lover of the third order, of whioh c is the fulcrum, e 
the point of application of the resistance, and f the point of 
application of the power. It follows from the principle of tlio 
lever, whioh we have already explained, that the power at f is 
to the load at B in the ratio of the two lines o e and c F. If f 
be applied midway between c and e, as is nsnal in the treadle 
of a lathe, the power at B will be half the power at f. There 
is, therefore, a diminution of power for the purpose of increased 
oonvenienoe in the mode of working. The power is transmitted 
from the foot-board, o B, to the crank, o d, by means of the 
connecting-rod, ED. As the foot-boai^ oscillates to and fro, 
the crank performs complete revolutions. It is obvious that in 
a foot-lathe the power can only be applied daring the descent 
of the foot-board ; the power is therefore only transmitted to 
the axle at o during a portion of the revolution. In order to 
enable the work of the latiie to be performed continnously, 
some means must be devised by whioh the energy imparted to 
the machine during the descent of the foot-board shall be 
equalised throughout the entire rotation. For this pni-poso a 
heavy fly-wheel, shown at F (Fig. 6), is attached to the axle. 

As we have alr^y explained, when treating of the punching- 
machine, energy can 1^ stor^ up in the fly-wheel. By this 
means the impulsive action of the foot is moderated, and the 
energy whioh is stored up when the action is too great is suffi- 
cient to oarry on the work of the lathe during that portion of 
the revolution when the power hae ceased to aot. In the figure 
two cranks and connecting-rods are shown ; this is nsnal in 
long lathes, because it is desirable that the foot should always 
be near the oonneoting-Tod. 

The fly-wheel ia called upon to perform another duty besides 
that of equalising the morion on oiroumferenoe of the wheel. 

At T thxia grooves will be eeen ; upon the centre groove is a ^ 
band, whioh passes up to the bed of the lathe, and embraces a 
corresponding groove in the pulley shown at G. The object of 
tnis band is to transmit riie morion from the aada. a s to the 
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work upon whioh the lathe is engnjET^. The action of the band 
will be understood from Fig. 8. In this figure A and o are 
two wheels whioh are embraced by the same band. Let us 
suppose that the wheel ▲ is roTolving in the direction shown 
by ^e arrows. If the band be properly tightened it will be 
impossible for the wheel to reTolve without drawing the band 
towards it upon the one side and allowing it to pass away upon 
the other, as shown by the direction of the arrows. The motion 
of the band arises from the fnotion between the band and the 
wheel; this friction is so large tiiat it is impossible for the 
band to slip unless the resistanoe opposed by the work be too 
large. Precisely as the wheel A makes the band to more, so 
the wheel o is moyed by the band. It will be evident from an 
inspection of the arrow-heads that the wheel c is made to 
revolve in the same direction as the wheel a. Had a and c 
been toothed wheels, geared one into the other so that the 
revolution of A caused the revolution of o, o would have rotated 
in the opposite direction to the rotation of a. 

It is easy to see that the velocities with which the wheek 
revolve are in the inverse proportion of their diameters. Wheu 
the wheel A has performed one revolution, it will have delivered 


know the dimensions of the pulleys and the distance between 
their centres. 

Let the radius, a b, of the larger pulley be B, and c d be 
and let d be the distance, a c, between the centres (Fig. 8). 

Let fall from o the perpendicular, c P, upon the radius, a b. 
The length of the band is composed of four portions, namely, 
the two portions of the common tangents intercepted between 
the circles, and the two portions of the circles whioh are 
embraced by the band. The lengths of those portions have 
to be found separately, and their sum will then give the re- 
quired length of the bond. 

The common tangent, d b, is equal to 0 P ; but since A C P 
is a right-angled triangle — 

AP* + CP* a AC*. 

But AP = AB — BP — AB-CD, since P B D 0 is a parallelogram I 
. AP» = (AB - CD)* • (R - E0». 

Hence we have — 

(B - BO* CP* * AC* = da ; 

CP* « d* - (B - B')» ; 

CP = Vd* - (B - Bq*. 



a length of the band equal to its circumference to the wheel c. 
Therefore c will have to perform as many revolutions as the 
length of its circumference is contained in the circumference 
of A. Therefore the velocities must be inversely proportional 
to the oiroumferenoes — ^that is, inversely proportional to the 
diameters. It, tor example, the large wheel A were ten times as 
great as c, and if A revolved once in a second, o will revolve 
ten times in a second. 

The wheel v, in Fig. 6, thus serves not only as a fly-wheel, 
but also for the purpose of increasing the velocity of revolution, 
as it would be impossible by the action of the foot to give the 
work a velocity so great as is required for some kinds of work. 
It will be noticed that there are throe grooves on the wheel F, 
and three corresponding g^rooves in the wheel o. The magni- 
tudes of these grooves are so proportioned that the same band 
will apply to each pair. Thus, when the greatest speed is 
required for the work, the bond is placed upon the largest 
groove on f and the smallest groove on o ; when a medium , 
speed is required, the band is placed upon the centre groove 
iu each wheel ; and when the lowest speed is required, the 
hand is placed upon the smallest groove of F and the largest 
groove of o. 

As bands occur so often in machinery, and as we shall have 
oooasion to refer to them subsequently in these lessons, it will 
be well to investigate the general formula for determining the 
proper length of the band whioh shall be employed when we 


Hence the length of the common tangent is expressed in terms 
of the radii and of the distance between the centres. 

To find the length of the part embracing the circle, it will be 
necessary to compute the angle b A c. 


Cos. BAC = 


B - B' 
d • 


Hence, by reference to a trigonometrical table, the value of the 
angle b a c can be found expressed in degrees. 

Since the are of a oirole is proportional to the angle it sub- 
tends at the oentre, the length, b b H, must be to the whole cir- 
cumference in the proportion which the angle subtended by 
B E H bears to four right angles. The angle subtended by b e h 
is equal to four right angles, minus the angle bah, and it is 
evident that the line A c bisects the angle b A B, and that, 
therefore, the angle b A H is equal to double the angle b a o. 
whioh we have already determined. We have, therefore, tho 
following proportion ; — 

are B £ H : oiroamfoxenoe : : 360** - 2 x B A C : 360^; 

44 

but the wholp circumferonoe is - B. 


860®-2N®^44E 

We can also find the length of the arc, d L h, upon the 
smaller oirole. 
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The ans^le dol is equal to the angle BA.C, sinco the line scrow^ which is attached to it, and which works in a nut under- 
c D is parallel to A b, and tlicreforo the arc D lk is found by j ncath a, the stage A can be moved to the right or left. Just 
the following proportion as the stage A is mounted upon the slide B, so the slide B is 

itself mounted upon the slide c, the screws at c and B being at 
AroDLK : y U' : ; : 360° i right angles to each other. It follows, therefore, that, by 

2 NO 4411' properly turning the handles h and K, the point of the tool 

arc D L K • x can be placed in any required position in the plane, to which its 

' movement is restricted. 


Adding, therefore, those two lengths to double the length of 
the common tangent, the total length of the band becomes 
known. 

It is also easy from the same principles to ascertain the 
proper magnitude of the grooves in the wheels, in order that 
the same band shall be applicable to every pair. 

By means of the bund the pulley o, on what is called the 
‘‘mandril” of the lathe, is made to turn rapidly: attached to 
tlio mandril is a screw, h. This screw does not itself generally 
support the work : it bears what is called a ‘‘ chuck,** in which 
the work is held. The chucks used are of very varied forms, 
depending upon the character of the work upon which the 
la^e is engaged. It may be said, in general, that a chuck is a 
means of conveniently attaching the work to the mandril, so 
as to make the work partake of the rotation of the mandril. 
At the opposite end of the bod of the Jathe is a point, K : this 
point is capable of being brought forward by a screw turned 
by a handle, m : this point should lie exactly in the prolonga- 
tion of the axis of the mandril. The work is thus hold securely 
between the point and the chuck. For short pieces of work, 
however, the point is often found not to be necessary ; but 
when the work has considerable length, it would be impossible 
without the point to secure it so firmly in the chuck that the 
application of the cutting-tool should not cause it to swerve a 
little from the proper position. 

In ordinary tools, such as the saw, chisel, or plane, the work 
remains at rest while the tool is moved. In the lathe, how- 
ever, it is the work which is moved, while the tool remains at 
rest. This is the case in the more usual applications of the 
lathe, but ooc^oually, particularly in ornamental turning, a 
movable tool is employed. This wo shall not delay to con- 
sider, as we wish to treat principally of the practical applica- 
tions of the lathe, rather than of the more fancy uses to which 
it is occasionally put. 

In the lathe shown in Fig. 6, the tool is held in the hands of 
the workman ; the rest N is placed near the work ; and while 
the edge of the tool is in action, the shank is hold firmly upon 
the rest. Since the work revolves rapidly about an axis, it 
follows that when the point of the tool is applied it must trace 
out an exact circle upon the work ; and since the radius of this 
circle ^ can bo of any magnitude, within reasonable limits, and 
also since the tool can bo moved along the work, it follows that 
any figure of revolution, as already defined, can be produced by 
the lathe. 


The slide c is itself fastened to the bod of the lathe by a 
olamp, so that it can be secured in any position that may be 
required. If the screw b be placed pa^ol to the axis of the 
mandril, then, by turning the handle H, the point of the tool will 
be moved in a line partial to the axis of the lathe, and will, 
therefore, turn a perfect cylinder. By turning the handle K at 
the end of each out, the point of the tool may be advanced so 
as to be ready to take a fresh out. 

When the slide-rest had been invented, it was a natural step 
to make the lathe self-acting, so that the tool should bo moved 
uniformly by the machine itself without the aid of the work- 
man. This objeot is obtained by having a screw along the bed 
of the lathe ; the slide c, instead of being clamped to the bod, 
is attached to a nut upon this screw, so that when the screw 
along the bed of the lathe is made to revolve, the slide-rest is 
cunied with a perfectly uniform motion. 

We shall conclude this account of the lathe and slido-rcst by 
a short description of the principle of screw-cutting^ which is 
one of the many important applications of the lathe. 

The principle of the sorew-cutting lathe is shown in Fig. 10. 
A leading sf rew, A b, which should be made with extreme care, 
runs along the bed of the lathe, and passes through a nut, c, 
on the aiide-rost : the machine receives motion by the pulley D, 
which carries the band from the fly-wheel or from a neighbour- 
ing shaft, if the lathe be worked by steam power, d is on the 
mandril of the lathe, to which the work s, on which the screw 
is to be turned, is attached. The motion is conveyed from 
the pulley d to the screw a b, by the intervention of the train 
of wheels, z. y, x, w. These wheels are toothed, and upon 
them depends the pitch of the screw which is made. Let us 
suppose that the losing screw, A B, contains n threads to the 
inch, and that the numbers of teeth in the train of wheels are 
denoted by the numbers z, t, x, w ; wo shall be able to find 
the number of threads produced on the work. 

When A B has made n revolutions, the tool T will have boon 
moved one inch, therefore the number of revolutions that the 
work has made will be the number of threads the screw traced 
upon it contains in the inch. When the wheel w, which is fixed 
upon A B, has revolved n times, the wheel x has revolved 

~n times. 

The wheel Y is on the same shaft as x, and toms with it, there- 
fore Y makes one revolution for each revolution of x, and z will 


One of the most important uses to which the lathe is applied 
is the production of a perfect cylinder. The piston-rod of a 
largo steam-engine, for example, should be as nearly as possible 
perfectly cylindrical. The inside of the steam cylinder should 
also be perfectly uniform if leakage is to be avoided. Now, 
to produce a oya^or with the lathe wo have shown in Fig. 6, 
or with a powordatho adapted to the magnitude of the work, 
upon the same principle, is a work of no little difficulty, and 
demanding great skill on the part of the workman. It is ex- 
tremely difficult, nay impossible, for the most skilled mechanic 
> his tool with such precision that the figure he 
have a section slightly larger or smaller in 
hnffi tLYxA thus making his work deviate from 
- . To moot this difficulty the slide- 

rest was devised, which, holding the tool with perfect eteodi- 
ness, and moving it with perfect regularity, enables the lathe to 
turn out a profusion of peifoct forms, with the minimum amount 
of skilled attendance. 


moke 

T 

Z 

revolutions for every revolution of y. Hence it follows that for 
every n revolutions of a b the work s will revolve 


times, and that, therefore, this will represent the number of 
teeth to the inch on the screw which is produced. 

Suppose, for example, the leading screw had two threads to 
an inch, and that we have a series of wheels containing 10, 15, 
20, etc., up to 100 teeth, and then by tons up to 200, it is easy 
to select four which shall out a thread of any required pitoh. 
If a screw of eight threads be required, we have 



'Ihe sUde-rest is really an iron hand which holds the tool and 
enables it to be turned towards the work, or from it, or moved 
parallel to the bed of the lathe, with facility and precision. 

The character of the slido-rest will be understood from Fig. 
9, which represents the essential features in a diagrammatic 
manner, t is the tool. This tool is firmly attached to a small 
atage, a, by means of screws. The stage, a, is mounted upon 
a slide, b, and by moans of the handle shown at h, and the 


therefore W « 100 , X = 50 , Y « lOO, and Z = 50 
will give one set of wheels, but numerous others would have 
answered equally well 

Suppose a screw of fifteen threads to the inch be required, 

xz’ 

W « 100, X « so, Y « CO, Z a 40. 
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A small expenditure of ingennity will enable trains to be 
eelooted which shall produce screws containing no entire number 
per inch. For example, to produce a screw four inches of 
which shall contain forty-five teeth, we have — 


WY _ 5 X 9 90 . 

ixz “ 4 X 2 ^ ‘40 X 20 ’ 

W a 50, Y es 90, X « 40, 2 a 20 will give the re<|ttired roault. 
Had the leading screw oontainod any other number of threads 
to the inch the calculations would be equally easy. 


VEGETABLE COMMERCIAL PRODUCTS. 

TANNIN HATEBIALS (continued), ' 

NuT-aALiiB (Quercu infeetoria). — This tree abounds in Asia 
Minor. The galls are excrescences upon the young twigs, pro- 
duced by the punctures of an insect, a species of Cynipa, The 
market is chiefly supplied from the ports of the Levant, whence 
they are oiJled Aleppo galls. They contain much tannin and 
gallic acid, and are largely employed both in tanning and dyeing. 
We receive nut-galls from Turkey, Greece, the Ionian Islands, 
Hungary, and Sclavonia, viA Vienna, Trieste, Leghorn, Genoa, and 
Marseilles. One kind, called the knoppenij is distinguished from 
the smooth gall-nuts by many angular and rough excrescences, 
as well as by having the essential principles in greater strength. 

Divi-divi {CoBsalptnia coriariai natural order, L^ guminoam), 
-—This tree is a native of the salt marshes of Cunu^oa, Cartha- 
gena, and other places in South America. It furnishes in 
abundance a brown pod, about the size of that of the pea, but 
curved into the form of the letter S. This pod is very astrin- 
gent, and therefore of great value in tanning. The Indian name, 
divi-ditn, has been adopted by our merchants. We may add 
that it is not used alone, but is generally mixed with oak-bark 
and valonia. 

Catechu (Acacia catechus natural order, Legumino8(B).’--~A. 
thorny tree ; a native of Hindostan. Catechu is procured by 
cutting the wood into chips, boiling them, and then straining 
the liquor, and evaporating it until it assumes the appearance 
and consistency of tor. This substance hardens as it cools, is 
formed into smali squares, dried in the sun, and is then fit for 
market. Catechu contains a large proportion of tannin. Packed 
in mats, it is sent to this country in large quantities from India. 
Several varieties of it are known to merchants by tlie names of 
catechu, terra japonica, outoh, and gambier. Dissolved in water, 
it tans skins very rapidly — one pound of catechu being equiva- 
lent to seven or eight of oak bark ; but the leather is not so 
durable or good as that which is more slowly prepared from 
oak-bark. 

Betel-nut Palm (Areca catechu, L.) grows in most parts of 
the East Indies. The trunk is straight and slender, and from 
forty to fifty feet in height; the fruit is about the size and 
shape of a smidl egg, and the nut itself rather larger than 
nutmeg, roundish-conical, and brown in colour. 

The betel-nut furnishes an astringent extract, which con- 
stitutes one or more varieties of the cateohu of eommeruo. But 
the principal consumption of the botcl-nut is for chewing, in 
combination with the pepper leaf of the Chavica betel and lime. 
For this purpose the nuts are divided into quarters, one of 
which, rolled in the pepper leaf and sprinkled with lime, forme 
the quantity generally used. This mixture gives a red tinge to 
the saliva, and seems to have some narcotic power. It is in 
general use as a masticatory amongst the natives of the East 
Indies, much the same as tobacco in other countries. 

On persons who are nnaooustonaied to chewing this prepara- 
^ tion it has a very unpleasant effect, for the drug causes giddi- 
ness and staggering, take s all the skin off the month and lips, 
and destroys for some time all sense of taste. But when all 
this has been overcome — and it requires no little perseverance 
to accomplish it — ^the taste is said to be agreeable, while its use 
is beneficial. Thus it is stated by Sir James Emerson Tennont, 
the author, of a valuable work on Oeylon and the habits and 
onstoms of the Cingalese, that it ftumishes these people, who 
are not meat-eaters, with an antacid, tonic, and carminative . 
which are absolut^y necessary to them to correct the effects of 
» purely vegetable ^et I 


PRACTICAL GEOMETRY APPLIED TO 
LINEAR DRAWING.— V 11 1. 

The following figures ore given to assist students in drawing 
pitch circles of wheels working in gear with each other, and 
will be found most important in numerous constructions whero 
curves are to touch each other or to merge out of straight lines. 
These, too, it will be found, have been and will be further 
worked out in the lessons in Technical Drawing. 

To draw a circle of a given radius, jy e, which shall touch 
loth sides of an angle, A b c (Fig. 71). 



to the given radius d k— viz., d e. 

From e draw a lino parallel to B 0, cutting the bisecting 


line in o. 

From o, with the given radius, draw the circle, which wiii 
touch both the lines of the angle. 

Tv draw a circle which shall touch both lines of an angle, 
and shall pass through a given point, v (Pig. 72). 



Let AB c bo the given angle, and P the given point, through 
which the required circle is to pass. 

Bisect the angle A B c by the line B D. 

From any point in B d, as E, draw a oirole, touching both 
lines forming the angle. 

From B draw a line through P, cutting this circle in F. 

Join F to E, the centre of the oirole. 

From p draw a line parallel to F B, cutting the bisecting lino 
B 3> in the point o. ^ ^ xr t r 

From Q draw a line perpendicular to A b (by Fig. 6, Vol. I., 
page 64)— viz., o H. 

Then, with radius o H, which will be found to be equal lo 
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Q p, describe a circle whiob will touch both lines forming the 
angle. 

To d/rww a series of circles to touch each other a/tid two Hues 
not parallel (Fig. 73). 

Fteduoe A B and c d until they meet in E. 

Bisect the angle a e c by e 

Draw the first circle at pleasure, and from its centre, z, draw 
a radius, x f, at right angles to E A. 

Prom a draw o h perpendicular to E d'. From h, with radius 
H a, describe an arc cutting e a in i. Draw a line at i, perpen* 
diculor to A E, 


radius j i, de- 
scribe the next 
circle, cutting 

From K draw 
a lino perpen- 
dicular to E 
cutting X A in L. 

Prom L, with 
radius L k, de- 
scribe an arc 
cutting B A in k. 

From M draw 
a line perpen- 
dicular to B A, 
cutting E d' in N. 

Prom N, with 
radius n m, de- 
scribe a circle 
touching X, and 
cutting X d' in o. 

From o draw 
OP perpendicular 
to ed'. 

From p, with 
radius p o, de- 
scribe an arc cut- 
ting X A in Q. 

From Q draw 
a line perpen- 
dicular to E A, 

From B, with 
radius b g, de- 
scribe the next 
circle. 



From centres and with radius o and h, describe 
arcs cutting each other in j. 

From J draw a line through cl to K. 

With radius j x, describe the endosing cirole, which will 
touch circles c' and c^. 

THE CONCHOID* (Fig. 75). 

The conchoid is a cuire which always approaches a straight 
line, but never reaches it, however far the curve and straight 
line may be produced. 

The straight line ab is called the asymj^tote, cd the dia- 
meter, and p the 
pole. 

“•he asymptoter 
AB, pole F, and 
Fig. 73. diameter c being 

given, draw c p 


to A B. 

On each aide 
- of D set off any 
number of equal 
parts, 1, 2, 3, 4, 
6, 6, 7. 

From p 
lines pa 
through these 

From 1, 2, 3, 
etc., with radius 
D c, describe arcs 
cutting these 
lines in a, 6, c, cl, 
etc., and through 
these intersec- 
tions trace the 
curve. The curve 
above the asymp- 
tote is called the 
superior con- 
choid. By set- 
ting off the same 
lengths under the 
line the inferior 
conchoid is ob- 

The conchoid 
has been used 
in architecture 
in ' ‘ 



Pig. 76. 


Any number of circles may 
bo thus described. 

To draw a circle of a given 
radius t in touch two given 
circles^ c' and (Pig. 74) 

Draw any radius in each circle, o* D and c* d, and produce 
them. 

On these radii, beyond the oirdes, add to each the radius of 
the required circle — viz., d e^ and d b*. 

From 0* with radius o* k*, and from c* with radius cP e*, 
describe arcs cutting oooh other in p. 

Prom F, with ^ius b^d, describe the required cirole, which 
will touch both oircloB. 

If the required cirole is to include both oirdes, draw any 

diua in each, as o* L, m. 

Produce both those radii. 

On the radius c^ set off from l the radius of the required 
. to X. Diminish this by the radius of oirde 2 — 

viz., to G. 

Ou radius H c* set off i* o — ^vix., m h. 


slightly curved line which forms 
the profile or side of columns, 
called the entasis. 


called ^e oissoid of Diodes, from the name of its discoverer, 
who flourished about a.d. 150. 

To draw the exesoid (Fig. 76). 

Draw any line, A B, and c d perpendicular to it. On c D de* 
scribe a circle. Prom the extremity D of the diameter, draw 
any number of lines at any distance apart, passing through the 
circle, and meeting the lino a b in a, b, e, d, ej, g, K and i. 

Take the length from i to 9, and set it off on the same Hno 
on each side from d — viz., to d', d'. 

Set off the length h 8 from d — ^viz., points B, x. 

Set off the length g 7 from d— viz., points F, F. . 

Proceed thus with all the lines, and trace the double curve 
through d' d', e b, f f, a q, h h, i i, j j, x k, etc. 

’ The oonohoid was invented by Nioomedes about am , 4B(m 
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VEGETABLE COMMERCIAL PRODUCTS. Walter Boleigh and other yocmg men of fashion gaTeitereij 
ttt , enoonragement, by smoking themselTes, and the habit was soon 

acquired by the English, as it had prerionsly been by the 

Win. PLANTS KncABKABLS POB THSIB KABOOTio AND Spaniards, the first method of imbibing the fumes being by 
POISONOUS PEOFEBTIIS, TET USEFUL AS BEMEDiAL a walnut-sheU and a sW. Th^ 

AOENTS. pears to thrire in all parts of the world in warm oUmates, 

Opium (Pajpawsr stmniferwnf L. ; natural order, Papwve- ig now onlti?ated almost erery where. The practice of wwinlriwg 
rocs®).— The poppy is an a:^ual plant growing from two to four has become almost uniTorsal, both amongst sarage and oiyiliaed 
feet high, having flowers with two sepals and four white petals, nations ; for no habit is more easily acquired or more difficult 
with a violet spot at the base of each petal. Stamens numerous ; to relinquish than the use of this wel^ ; hence its rapid progress 
pistil, a globule ovary or wpsnle, surmounted by a radiated amongst nations, in spite of all the efforts of their rulers at 


FOB THEIB KABOOno AND 
TET USEFUL AS BEMEDIAL 


Win. PLANTS BEMABKABLE 
POISONOUS PBOPEBTIE8, 
AOENTS. 


stigma, oontaining partial die* 
sepiments and numerous seeds. 

The opium poppy is a native 
of Persia, and probably also of 
the south of Europe and Asia 
Minor. It is largely cultivated 
in those countries, and also in 
Egypt, Arabia, and British 
India, for the sake of its 
opium. Bir Joseph Hooker 
thus describes this process : — 
**The capsules are sliood in 
February and March with a 
little instrument like a saw, 
made of three serrated plates 
tied together. From the in< 
eiaions made by this instru- 
ment the opium ooaes out as 
a milky juice, which as it dries 
becomes a soft brown sticky 
paste; each morning this paste 
is scraped off by means of 
small shells, and ooUeoted into 
jars, the contents of which are 
afterwards made into balls of 
about half a pound weight; 
these arc often coated with the 
seeds of somespecieBOf Bhswn 
or rhubarb plant. The balls 
are packed into chests, and 
exported to other countries.” 

Opium is produced in large 
quantities in India for con- 
sumption in China, on account 
of the great sale there, in spite 
of all prohibitions. Bastem 
nations generally are very fond 
of opium, which they smoke 
with their tobacco, or alone, 
and take in the form of pills. 
With ns, it is much used in 
medicine as an anodyne, espe- 
cially in the well-known pre- 
paration called laudanum. 

The importations of opium 
into the United Kingdom oome 
principally from the East In- 
dies (Bombay and Soinde), 
Persia, and Turkey. Turkey 
opium is oonsidered to be the 
best, especially that which 
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prohibition. The priests and 
sultans of Turkey and Persia 
declared smoking to be a sin 
against their holy religion ; yet 
the Turks and Persians be- 
came the greatest smokers in 
the world. Pope Urban YUl. 
folminated a bull against the 
use of tobacco, but the ana- 
thema fell to the ground. In 
Bussia the smoker was threat- 
ened with the knout for the 
first offence, and with death 
for the second ; yet the Bus- 
sians are now constantly with 
pipes in their months. In 
Great Britain James I. wrote 
a book against it, called ” A 
Connterblaste to Tobaoco ; 
but instead of checking, it 
rather tended to promote the 
spread of the habit among his 
subjects. 

Tobacco is manufactured in 
various forms to fit it for 
smoking, chewing, or snuff- 
ing, and the annual consump- 
tion in these different forms i» 
so enonuons that no estimato 
can be made of the quantity. 
In 1886 the imports into the 
United Kingdom amounted to 
88,21 7,982 pounds of unmanu- 
faotur^ tobacco, and 3,566,889 
pounds of manufactured to- 
bacco, cigars, and snuffs, the 
value of the former l^ing 
.£2,508,526, and of the latter 
ill,206,851. 

After the plants have donS 
blooming they are out down 
and hung up to dry on poles ; 
the leaves are then stripped 
from the stems, sorted, packed 
in boxes or casks, and shipped. 
On arriving in this country 
the leaves are taken out of 
the oasks, and when tiieir 
midribs have been removed, 
are spread on the floor and 
moistened with water. 


comes from Smyrna. 

Tobacco Tahacfim, L. ; natural order, 

— The tobacco plant is an annual, growing six feet high, having 
alternate, oblong, lanceolate, sessile l^ves, and dingy red*, 
funnel-shaped flowers. The leaves are viscid and pubescent, 
and are the parts nsed in the manufacture of the tobaooo. 

The tobaooo plant is indigenous to the warm pi^s of America, 
end was unknown in the Old World before the discovery of that 
eontinent. It was first brought to the notice of the Spaniards 
in the year 1492, when Columbus Srhd his companions saw 
the natives of Onba smoldng cigars. It was int^uoed into 
England in 1586 by Sir Francis Drake, from Virginia, where aa 
Bnglish colony bad remained for a year. The colonists are said 
to have brought tobaooo with them on their retnm, and to have 
introdneed into this country the practice of tobacco-smoking, 
or, as it was at first called, tobaooo-drinjbitig or sucking. Sir 
S1-N.B. 


is all that English mannfao- 
turors are allowed to do; on the Continent salt and sugar 
are added. The leaves are then oompressed into dense cakes 
and ont with a machine ; and the out tobaooo, shaken out and 
afterwards steamed, is called, according to the leaf nsed, 
Virginia shag, Maryland retumSf etc. In Bird*8-eys tobaooo 
the midrib is allowed to remain in the leaf, and forms those 
little white bits which have given it its fanciful name. The 
dried leaves, moistened with sugar and water, and pressed into 
cakes, form Canendish and Negroheadf used for chewing and 
smoking. The same leaves moistened with sugar and wate^ 
beaten until soft, and then twisted into a sort of string, con- 
stitute Pigdoil. The leaves and stalks ground to powder and- 
roasted form snuff, which is variously scented to suit the 
different olfactory tastes of customers. Cigars are only thS' 
dried leaves deprived of their midribs and wound into a s^ of 
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spindle form ; cheroote are a variety of cigar, out straight at 
each end, cylindrical, and tapering, broader at one end than the 
other ; cigarettes are made by roiling up a small quantity of 
cat tobacco in a piece of paper (the leafy covering of the In^an 
com is preferred), and they are then smoked in the same way 
as cigars. 

There are numerous varieties of tobacco found in commerce. 
The principal sorts are — 

North Anunrican tobacco t chiefly from the states of Virginia, 
Maryland, and Kentucky ; but now, Tennessee, North Oarolina, 
Louisiana, and Missouri (and Mexico too), produce tobacco. Usu- 
ally imported in hogsheads in the leaf, hence called leaf- tobacco. 

South American tobacco, which is received in the form of 
cylindrical rolls two foot in length and one foot in diameter, 
made by rolling or twisting the tobacco loaves into a kind of 
rope about an inch or more in diameter, and then coiled up 
into these cylindrical rolls as the most compact and convenient 
form for transportation. We receive supplies from the Orinoco, 
Porto Eioo, and from Maracaibo, and other South American 
ports. Boiled tobacco is sent over in baskets made of twisted 
oane, called canastras. A considerable quantity of South 

American tobacco comes from 
the Brazils, both in the leaf 
and roll form. 

The tobacco of Cuba is 
considered to be the finest 
in the world : Havana tobacco 
makes the best cigars. 

Astatic tobacco. — Asia pro- 
duces good tobacco, but 
mostly for her own con- 
sumption. The European 
market, however, gets the 
Persian or Shiraz, which is 
much esteemed. Tobacco is 
also received from the Spanish 
island of Manila in the shape 
of fine cigars, which are 
manufactured there, and then 
exported. A little tobacco is 
sent from India, Ceylon, Java, 
and Sumatra. From Turkey, 
Latakia tobacco is imported, 
which consists of not only the 
leaf, but also the flowers and 
buds of the plant; it is so 
called after the Turkish pro- 
vince of Latakia (the ancient 
Antioch), where it is grrown. 
Some considerable trade is 
carried on *in the south of 
Europe with this tobacco, which is excellent and mild. In 1888 
samples of English-grown tobacco appeared in the market, but 
did not meet with much favour. 

Nux VomoA {Strychnos nu* vomica, L. ; natural order, 
Loganincem). — A medium-sized tree, with opposite, ovate, stalked, 
three to five-nerved, smooth, shining loaves, and greenish-white | 
flowers ; a native of the East Indies, very common on the coast 
of Coromandel. The fruit is a globular berry, about the size of 
an orarjge, and with a smooth, hard, yellow rind, containing 
five seeds ornbodded in the pulp. Tbeso seeds are circular, 
flattened, rather less than an inch in diameter, slightly concave, 
silky in appearance, and fawn -coloured, or light drab in colour. 

Strychnine, the most energetic poison known, is procured 
from the bruised seeds of the nm vomica, which are imported 
from Coromandel and Ceylon. It is sometimes employed in 
cases of paralysis, and is muoh used as a poison for rats and 
mice. 

IX. mSCBLLAKEOUS MEDICINAL PltODUCTS. 

Alovs (Aloe Soeotrina, Toumof. ; natural order, LUiaeem ). — 
This drag is the bitter, resinous, inspissated or thickened juice 
which is obtained from the leaves of varions speoies of arbo- 
rescent aloes growing in tropical climates. The species belong 
to the lily family, and have very large snoonlent leaves. The 
leaves are mit off olose to the stem, and so placed that the jnice 
is drained from them into tubs ; this juioo is then boiled until 
it acquires the oonsistenoe of honey, and poured into gourds or 


calabashes, when it hardens into a black compact substanoe, 
having an aromatic smell and an exceedingly bitter taste. 

There are fonr prinoipal varieties of aloes in oommeroe : — 
1. Socotrine Aloes, the best, produced by the above-named 
species, and so called from the island of Socotra, on the south 
coast of Arabia, in the Indian Ocean. 2. Barbadoes Aloes — of 
a very fine quality, produced by Aloe vulgaris, whioh is in- 
digenous to the English island of Barbadoes, and also to Jamaica, 
Arabia, and the east coast of Africa. The Barbadoes aloes is 
imported from Barbadoes or Jamaica, usually in gourds weigh- 
ing from sixty to seventy pounds, but sometimes in boxes 
holding about half a hundredweight. 3. Co/pe Aloes — very in- 
ferior, whioh is the product of Aloe spicata ; raised in largo 
quantities at the Cape of Good Hope, and brought over in 
chests and skins, the latter being preferred. 4. OabalHne or 
Horse Aloes. This is the poorest kind; it is generally the 
refuse of the Barbadoes aloes, and, from its very rank and fetid 
smell, can only be used in veterinary medicine. 

Liquobiob {Qlyi'yrthUa glabra, L. ; natural order, Legumi- 
nfiSfio).— Thisjis aj perennial plant, having long yellow fibrous 
roots running deeply into the ground, with an herbaceous stem 
four to five feet in height, and alternate pinnate leaves ; flowers 
blue, papilionaoeons, disposed in axillary spikes. Liquorice is 
a native of Italy, Spain, Sicily, and the southern parts of 
Europe ; but it has been successfully onltivated in England, even 
from the reign of Queen Elizabeth, especially at Pontefract in 
Yorkshire, and Mitcham in Surrey. The greatest portion of 
our supplies of that extract of the root which forms the common 
liquorice of the shops, is obtained from the Spanish provinces 
of Arragon, Catalonia, and Valencia. The juice, procured from 
the root by oompression in a mill, is boiled slowly until it be- 
oomes of the proper oonsistenoe, and is then made into sticks 
or bars from six to eight inches long, which are nsually covered 
with bay leaves, and imported under the name of Spanish juice. 
Liqnorioe in the form of paste, or of the root itself, is in common 
use as an emollient in catarrh or cough ; the root is also much 
used by brewers in the mannfactnro of porter. In 1886 tlicro 
were imported into Britain 27,019 owta. of liquorice. 

Ifboacuanha {Cephnlis ipecacuanha, Eich. ; natural order, 
Cinchonaceos). — This is a porcuuial plant growing in Brazil, 
about five or six inches high. The roots are several inches 
long, contorted, greyish brown, annulated, and about the thick- 
ness of a goose quill. The root of this plant affords a very 
important emetio medicine. It is imported from Bio Janeiro 
in bales, barrels, and bags. 

Rhubarb {Rhewm palmatum; natural order, Polygonaeeoo). 
— ^The well-known purgative is the root of different speoies of 
Eheum growing in IWtory and other parts of Asia. There are 
two sorts — viz., Russian or Turkey rhubarb, which is brought 
by the Chinese to Kiakhta, and there cleaned and sent on to 
Moscow and 8t. Petersburg ; and the East Indian or Chinese 
rhubarb, whioh is shipped from Canton to Europe. There are 
several other varieties in the market, but the kinds mentioned 
above are the sorts whioh are the most generally employed in 
Ghreat Britain. 

Jalap (Exogonium parga ; natural order, Convolvulacece). — 
This valuable purgative medioine derives its name from Xalapa 
in Mexico, where it is very abundant. It is a handsome olimb- 
ing oonvolvnlaceous plant with delicate pink flowers and a tube- 
rose root. The tubers, varying in size from a walnut to an 
orange, are dark umber-brown in oolonr, and mnoh wrinkled. 
They are imported either whole or sliced, the largest consign- 
ments coming from Mexico. 

Camomile {Avihemis nobilis, L. ; natural order, Compositoe). 
—This is a well-known perennial plant, not unfrequent on dry, 
gravelly, or sandy heaths, and in the pastures of Great Britaio. 
The whole plant is intensely bitter, and an infusion of its flowers 
has long been esteemed as a tonic and stomachic, and used as an 
ingredient in fomentations. This plant is cultivated in Eng- 
land, and the flowers sold by druggists are the produce of the 
cultivated variety. Camomile flowers are also largely imported 
from France, Holland, and Gemany. 

Sarsaparilla {Smilax offianalis ; natural order, Smilaoeos). 
— The rhizome of this plant is pylindrioal, and the roots (the 
sarsaparilla of oommeroe), abounding more or less in staroh, 
are as muoh as ten feet long. It grows on the slopes of the 
mountains, and is confined to South Amerioa, where it ranges 
from 20*^ N. to 60*^ 8. latitude. Jamaica, whence so muoh 
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Hai^apaniia is exported, does not produce any; the article 
known as Jamaica sarsaparilla is merely exported from the 
^Spanish main for re-shipment. Sarsaparilla is imported in 
bales, and is known in the market as Lisbon or Brazilian, 
Honduras, and Jamaica or red sarsaparilla, of which the last 
ia the most preferred. 

Sarsaparilla is now regarded as a powerful alterative medicine 
in oases of physical debility. Its usefulness is daily manifested 
in the public hospitals, in cases of broken-down constitutions, 
so common to the class of psHents by whom those establish- 
ments are frequented. It is chiefly used in rheumatic and 
cntaTieouB diseases. A oonoentnted liquid extract and a B 37 Tap 
are now prepared, which are the best forma under which it can 
be taken. 

Senna (Cassia lanceolata; natural order, Leguminosm ). — 

The senna of the shops 

r consists of the leaflets 

of different species of 
Cassia^ such os the 
one above, and also C. 
obovata^ C. acutifoliay 
C. clongata, and C. 
athiopica — all small 
shrubs with simple ab- 
ruptly pinnate leaves, 
and yellow flowers, 
growing in tropical 
Asia and Africa. True 
senna leaves may bo 
recognised by their ob- 
lique lower edges, and 
the inequality of their 
insertion into the foot- 
stalk; their odour is 
very faint, but pecu- 
liar ; and their taste is 
sweetish and nauseous. 
The following varieties 
are met with in com- 
merce : — 

1. Alexandrian 
*Semia, or the leaves 
of Cassia lanceolata 
and 0. ohovata. These 
plants grow in Upper 
Egypt and Arabia. 
The harvest com- 
inonoes in September, 
'rbe branches of the 
shrub are out, coUocterl 
into bundles, dried in 
the sun, and then 
threshed until the 
\j leaves ore separated 

UUF o» SAMAfAunxi. from them. This pro- 

cess breaks the 
branches, and the leaves thus become mixed with portions of 
twigs. Ihe senna loaves so obtained ore then put into sacks 
and conveyed to the Nile, and carried down the river to Cairo 
and Alexandria. There they are unpacked, sorted, and re- 
packed in largo boles, and are then ready for the market. 

2. East Indian or Tirinevelly Senna, the product of Cassia 
elongata, indigenous to Arabia and Africa, now cultivated in 
India, consists of long, thin, unbroken leaves of a yellowish- 
green colour. When good, it is fully equal to the Alexandrian. 

3. Tripoli Senna, Hie product of Cassia athiopica ; not held 


afterwards this same liquor becomes milky and sweet,' ' consoli- 
I dating by degrees till it becomes as white and hard as ivory. 
The nuts themselves, under the name of Corozo nuts, aro im- 
ported in large quantities, being used by tumors in making a 
vast variety of trinkets and articles to imitate ivory. Mwy 
thousands of the-^e nuts arc annually imported into England. 

Tonquin Bean (Dirterix otiorata; natural order, Legum^ 
nosce ). — Tho seeds of the Tonka tree, a native of Guiana, are the 
well-known (but misnamed) Tonquin beans used to scent snuff. 


OBJECT DKAWING.—II. 

In the last lesson we gave the plans of throe blocks, placed in 
different positions in relation to tho spectator. We now pro- 
pose to show the method of drawing them. 

Fig. 4. — ^First draw tho square ab ef, representing the end of 
the object, which you will remember is vortical, and parallel to 
tho ed^ of the table ; and you must bear in mind also that you 
are to sit so that your chest is parallel with tlie table as well. 

When you have decided as to tho height of your eye in rela- 
tion to the model, draw a horizontal line across your paper 
which shall have tho same height in proportion to the square 
you have drawn as tho real height of your eye has to tho model ; 
that is, supposing you soo that your eye is three times tho 
height of the model above its surface, thou draw the horizontal 
lino at three times tho length of a /above cf. In tho illustra- 
tion a different height is taken, the purpose being to cause tho 
student to use his own judtpncnt instead of merely copying tho 
drawing. The line h l is thus tho horizontal line. 

Now, on referring to tho plan given in tho last lesson, you 
will see, that supposing a shoot of glass (the surface on whicl; 
we draw being supposed transparent) to stand on D E, then the 
lino fe c of tho model (Fig. 3 [1]) would be at right angles to it ; 
and it has already boon shown that in drawing, all such lines 
should converge to tho point of sight. 

Therefore from h (Fig. 4) draw a lino to P s, and as all tho 
long edges of the model are panillel, tho same rule would affect 
them equally ; therefore draw lines from c and / to the point of 
sight. 

Portions of these convergent lines will, as yon can easily 
understand, form the edges of the solid, and you must terminate 
them by tho perpendicular g h and the horizontal h i. 

For reasons already mentioned, it is not intended to give in 
this place any rules for obtaining the distance of gh from h e. 
You must accustom yourself in object drawing to use your judg- 
ment, and you will, with but very little practice, bo able to 
form a tolerably just idea of tho distance ; for you will sec that 
if tho lines had been drawn at either of the places indicated by 
dots', the object would, in the one case, appear merely os a flat 
piece of wood, ^hilst in others a balk of timber would bo repre- 
sented. 

Tho plan (Fig. 3 [2]) of the next figure will show you that in 
this figure tho length of the block is parallel to tho picture- 
plane, tho narrow edges recoding. To begin this representation 
(Pig. 5), draw tho rectangle be hg, bg being double b e. 

Now you will at once perceive that, as tho block is imme- 
diately in front of you, you would not soo either its left or right 
side, but only tho top. On referring to tho last view, you will 
bo reminded that the ends a b, which in that case were parallel 
to tho picture, are now at right angles to it. Therefore from 
and h draw lines to the point of sight, then the lino fi poralh’) 
to eh will complete tho top, and the figure will thus show tho 
front and top only. 

Now proceed to sketch Pig. 6, which is tho view of tho block 
when standing on its end on your right side. Hero, again, as 


in much estimation. 

X. MISCELLANEOUS PLANTS OP COMMERCIAL VALUE. 

Vegetable Ivory — Corozo Nuts (Phytelephas macrocarpa; 
natural order, Phytelephante<jeJ,-^Tho Plvytel^has, twenty feet 
in height, resembles a dwarf palm, with a majestic tuft of pin- 
nate leaves ; it is a native of the low valleys of South America 
between 9® N. and 8® S. latitude, and between 70® and. 79® W. 
longitude. Its nuts are enclosed in a largo capsule about the size 
of a man's head, and, owing to the procumbent habit of the stem, 
often rest on the ground. The albumen of the nut is “ at first 
a clear insipid fluid, with which travellers allay their thirst; 


tho face is parallel to the picture, tho front consists of the rect- 
angle b eh g. Having completed this, draw lines from e and h 
to tho point of sight. Then tho perpendicular / i will completf^ 
the view, which will consist of front and side only ; ior os the 
end h p is higher than the horizontal line, you would not be abh^ 
to see the top. Of course, you will understand that all thi^ 
blocks need not necessarily be the same 8iz<*~"in fact, as you 
aro placing your height at throe times that of tho square end, 
it wiU be necessary that this last ona should bo longer than the 
others, for as the length of the two already drawn is only twice 
their width, the end would still bo below the horizontal line ; 
but, as already stated, whatever may bo the proportions; of thij 
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iPbjootB, and whatever the height of the apeotator, the principles the eye of the spedator (supported or suspended by means not 
hero laid down will npiily, and a very small amount of praotioe, shown in the drawing). It will be evident that, as the lung 
guided by patient and intelligent obserraUon, and urged on by edges of the planJc are at i^ht angles to the end, they will run 
the do^iiro to learn, will soon enable you to judge whether your direotly from it into the distance, and must therefore be drawn 
drawing truly represents the object as you see it. to the point of sight, the lines forming the distant end being: 

Fig. 7 shows the mode of drawing a cube or other rectangular parallel to those seen in the front. 



you do not see eith* r the top or bottom of it; but as it is on together so as to form a piece of framing, or the sides of a 
your left hand you cau kv o its right dde. Of oonrse, if it were shallow box. 

placed immediately opposite to your eye — ^namely, in front of Hero, again, the side abed which is parallel to the front is 
the point of sight, you would only see Ihe front, but neither top, to be drawn of its proper dimensions, and this being done, lines 
bottom, nor sides. arc to be drawn from each of the angles to tbe||^Qmt of sight. 

Pig. 8* — The object here represented is a plank, the end of The lines e/and/g will then complete the* g^wal vilw of the 
which is i^rallel to the piotnre<plane, and the length at right object as it would appear if it were a solid block, 
eagles to it—the whole object being placed above the level of It is necessary here to call your particular attention to this 
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piftn of drawing' the general oniline of the whole object before 
iittempting the detail. 

It must be evident that the entire of the interior lines, and 
all the detail, must depend upon the outline of the object as a 
whole, and therefore this system is impressed upon you. 

The under surface of this slab, then, although in reality a 
square, will in your drawing be represented by the irregular 
four-sided figt^ cdfg. 

Draw the diagonids cf and d g. 

Now from c and d mark off on the line c d the distances c h 
and d i, equal to the thickness of the pieces of wood of which 
the object is made, and from these points, h and i, draw lines 
to the point of sight. 

The line drawn from h will out the diagonals in j and m, and 
the lino drawn from i wUl out the diagonals in k and 1. 

Draw a line from j to k, and another from m ix> I ; strengthen 
the linos j m and fc I ; then the figure jklm will represent the 
inner square or inner edge of the wood of which the framing is 
formed. 

1'ho perpendicular at m represents the vertioal junction of 
thu inner sides of the framing. This completes the sketch, 
whioh may now be “ lined in” — that is, nearly rubbed out, and 
the lines repeated in a clear and deoid^ manner, remembering 
that in object drawing you ought not to use either rules or 
compasses. 

Fig. 10 is a view of the some object when placed vertically 
and on your right-hand aide. 

The same lettering has been retained, and this will guide you 
in sketching the frame up to the stage shown in the last figure ; 
but the present study is an advance on the previous one, for 
this is so placed that you can see through itj and it is therefore 
necessary to find the width of the distant side, whioh, although 
knewn to be the same as the near one, will of course appear 
diininishrd by its being removed from the front of the picture. 

From h draw h n, whioh is of course the real width of the 
side, and from n draw a line to the point of sight. 

Now from m draw a horizontal line whioh will cut this last 
lino ic 0 ; then m o represents the lengtli of hn when thus far 
removed from the plane of the picture. 

Draw the perpendicular op; strengthen as much of n o as is 
visible, and the sketch of the object will then be completed. 


SEATS OF INDUSTRY.— VII. 

BELFAST. 

BY william: watt WEBSTER. 

Belfast, the capital of Ulster, the chief centre of commerce 
and industry in Ireland, and the metropolis of the linen trade 
and manufactures of the United Kingdom, is a town of com- 
paratively modem origin, situated at the point where the river 
Lagan discharges its waters into Belfast Lough, or Carriokfergus 
Bay, about twelve miles from the Irish Sea, and a hundred miles 
from Dublin. The name Belfast is said to be a corruption of 
Bala-fearaad — i.e., the town at the mouth of the river; but it 
need hardly be stated that this derivation is disputed, and that 
a variety of others have been suggested. The ground on which 
Belfast is built was reclaimed from the sea, and the greater 
portion of it does not stand more than six feet above the high- 
^tor mark. Owing to this cause it is occasionally visited by 
inundations and epidemics, but otherwise it is not by any means 
an unhealthy town, and in many respects it is most advanta- 
geously placed. Belfast Lough is a capacious bay, twelve 
miles in length and five miles broad at the entrance, affording 
safe anchorage for vessels of the largest size ; while in the Pool 
of Oarmoyle, four miles from Belfast, loaded ships float safely 
within a c^ort distance of d^ land. This estuary is protected 
from the westerly winds, whioh ore the most frequent in that 
quarter, by a fine range of hills to the west, some of which are 
upwards of 1,000 feet high, and by the mountain of Divis to the 
north-west, whioh rises 1,567 feet above the level of the sea. 
The l^dward environment of Belfast is, indeed, exceedingly 
beautiful and pioturesqne. The northern shores of the bay are 
studded with elegant villas, and on an elevation to the south 
Btands the aristocratic suburb of Malone, while the whole 
neighbourhood of the town is adorned with pleasing residences 
*nd pretty villages. From the flatness of t^ site the general 


aspect of Belfast, as seen from a distance, is not striking ; bnlil^ 
it contains many broad, straight, well-paved and well-lighted 
streets, and a luge number of tasteful and expensivo private 
mansions and public buildings. The mercantile quarter of the 
town lies on and near the quays that extend for about a mile 
below Queen’s Brid^^, which connects Belfast with the suburb 
of Ballymaccarrett, in the county of Down. The manufactories 
are chiefly situated on the rising grounds on the north and west 
sides of the town. Belfast can boast of a large number of 
excellent educational institutions .and facilities, among whioh 
may be mentioned Queen’s College, a picturesque pile of brick 
and stone in the iSidor stylo, opened in 1849 ; the Botanical 
Gardens, adjoining the College grounds ; a Museum ; the Royal 
Academical Institution, founded in 1810, whioh possesses a 
collegiate character, supporting professors in all branches of 
science, dassios, and general literature ; and the Belfast 
Academy, whioh at one time had a high classical reputation. 
The most celebrated public edifices are the White Linen Hall 
in Donegal Square, built in 1785, and the Commercial Build- 
ings, an extensive block of houses at the south end of Donegal 
Street, erected in 1822, comprising a hotel, a news-room, an 
assembly-room (also used as an exchange), and various descrip- 
tions of offices. 

Nothing is known regarding Belfast earlier than the twelfth 
I century, at whioh date there appears to have existed a fortified 
I station near the mouth of the Lagan. For a long period the 
town consisted of a few houses, a church, and a oastlo. Before 
the beginning of the fourteenth century, however, the place 
must have grown to considerable dimensions, ard become of no 
small importance, for in 1316 the town and castle of Belfast 
were attacked and destroyed by Edward Bruce, and nearly two 
centuries elapsed before they came again into possession of the 
English. In the time of Henry VIll., Hugh MaoNial Ogo 
obtained a grant of the town and castle on cortsiin conditions, 
whioh either ho or his successors failing to fulfil, they reverted 
to the Crown. Bandolphus l^ine occupied the oastie during 
the earlier part of the reign of Queen Elizabeth, but later on 
that sovereign appears to have conferred the castle and lands 
on Sir Thomas Smith, he undertaking to maintain a troop of 
horse and a company of foot for her Majesty’s use, and to 
answer the royal summons when called upon. About the year 
1604 Smith violated the conditions of the grant, and the reign- 
ing sovereign, James I., bestowed the castle and lands on Sir 
Arthur Chichester, the Lord Deputy, whose descendants con- 
tinue to enjoy the lordship. Belfast increased rapidly after 
this transfer, and in the fifth year of the same king it obtained 
a charter of incorporation, which was renewed by James II., 
erecting it into a municipal and parliamentary borough, with 
the franchise vested in a sovereign or mayor, twelve burgesses, 
and a commonalty, and with the privilege of sending two 
members to the Irish Parliament. About this time many 
Scotch and English families were settled in the town and neigh- 
bourhood, in connection with the project of James 1. for the 
formation of an English plantation in Ulster; and on the 
abolition of the port monopolies of Carriokfergus, in 1637, 
Belfast became the principal commercial dep6t of the Planta- 
tion, and the seat of the Custom House. ”At that era,” says 
a writer in the ” Enoyolopaedia Britannica,” “commenced the 
first signs of the future progress of Belfast. The great influence 
exerted by this infusion of new blood into the district is attested 
at the present time by the persistency of the lowland Scotch 
dialect and accent, the prevalence of the Presbyterian reli- 
gion, and the phydcal characteristics of the people, no less 
than by their commercial activity, industry, and enterprise.” 
The progress of the town was suspended during the civil war, 
the inhabitants having first espoused the cause of the Parlia- 
ment and afterwards that of the King. It was the expres- 
sion of the feelings with which the Presbyterians of Belfast 
regarded the execution of diaries I., that drew upon the town 
the sarcasm of John Milton, who, it will be remembered, said, 
“Presbyter is but old Priest writ large.” The secretary of 
Oromw^, in hie “ Observations upon the Articles of Peace with 
the Irish Rebels, etc.,” dated 1649, described Belfast as “a 
small town in Ulster,” “a barbarous nook in Ireland,” and “a 
place better known by the name of a late barony than by Hia 
fame of these men’s doctrines or ecclesiastical deeds, whoso 
obscurity till now never came to our hearing.” The zeal of the 
inhabitants of Belfast for the cause of civil and religious liberty 
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lod tliom to support the Prinoo of Orango against James II., and 
to proclaim him king, and their decisive action at this crisis was 
duly rewarded. William visited the town in June, 1690, shortly 
before the march to the Bf)yne, and so highly gratified was ho 
with his reception, that ho granted iei,2i>0 per annum from 
the State coffers to the Presbyterian Synod of Ulster. This 
grant, afterwards increased and called the Regium Donum^ 
was ordered to cease in 1869. After the Act of Union the 
municipal government of Belfast was modified by the addition 
of police and life commissioners to the former corporation, and 
this constitution continued till the passing of the Municipal 
Boform Act in 1841, when the present corporation, oonsTsting of 
a mayor, ten aldermen, an l thirty town-»!Ounoillora, was insti- 
tuted. From the time of the Beform Bill of 1832 till 1885, Belfast 
returned two members to the Imperial Parliament, but by the 
Act of the latter year the borough obtained four representatives. 

Belfast is mainly indebted to the cultivation of linen manu- 
facture for its importance and prosperity, and it bos justly been 
styled the modern Panopolis, that, according to Strabo, having 
been the name of the principal centre of the linen manufaotn^ 
of the ancients. Flax was grown and exported from Ireland, its 
fibre was spun and manufactured into cloth, and its seed crushed 
for oil in very early times. The old Irish or Celtic name for 
flax was Ihin, and the term 'poll a Ihin, still applied to certain 
places in the country districts, proves that the steeping of flax 
in pools was practised in Ireland at a very remote period. 
It is oven considorod probable that linen may have been intro- 
duced into Ireland by the Phoenioians. From tho fragments 
of the Brohon laws which are still extant, it appears that tho 
ancient rulers of tho Irish tribes, who promulgated their decrees 
in tho open air on tho hill tops, admonished tho Brughaids, 
or farmers, to learn the art of cultivating and manipulating 
flax. In his “Annals of Commerce” Maepherson says, “Wo 
learn from chronicles that about a.d. 500 fine linen was pos- 
Hossed by tho inhabitants of Bribiin and Ireland. The bodies 
of tho dead, at least of those of rank, were wrapped in it.” 
But it is doubtful whether linen was extensively or generally 
tnanufacturod in Ireland before its conquest by England in 
1170; for in the list of exports given by Giraldus Cambrensis 
no linen manufactures are moTitionod. Ireland had, however, 
an export tratle in linen goods in tho thirteenth century ; for it 
can be proved that Iri.sb linen was used at Winchester about 
1272, during tho reign of Henry III. In the middle of the 
fifteenth century reference is also found to linen imported into 
England from Ireland; and Lolancl states, with respect to 
Liverpool, about the year 1645 ; “ Yrisoh merchants cum moch 
thither, and moch yrisch yarn that Manchester men do by 
there.” Upwards of a century later, or about 1670, aocording 
to Moopherson, linen manufacture “ began among the Soots in 
the north of Ireland, where it has to this day flourished more 
than in any other part. The vast quantities of linen which 
England takes of the Irish, enables them to pay for almost 
every kind of product and manufacture which we supply them 
with. Before they made much linen cloth, tho people of tho 
north of Ireland sent their linen yarn to England.” 

It was for a lon'g period tho favourite policy of English states- 
men to settle foreigners in Ireland, and to establish new trades 
and nmnnfacturos. Sir Henry Sidney, tho wise Lord Deputy 
of Ireland in tho reign of Queen Elizabeth, and the father 
of Sir J'liilip Sidney, in a letter to Sir Francis Walsinghara, 
says : “ I caused to plant and inhabit about forty families 
of tho refonned ohurchoa of tho Low Countries, flying thence 
for religion’s sake, in one ruinous town called Swords ; and 
truly, sir, it would have done any man good to have soon 
how diligently they wi’ought ; how they ro-odified the quite 
spoiled old oastle of tho same town, and repaired almost 
all the same ; and how goodly and cleanly they and their 
wives and oliildi'en lived. They made diapers and ticks for 
beds, etc.” The Farl of Strafford, when Chief Deputy in 
the reign of Charles I., vigorotialy and successfully followed 
up this policy, bringing over flax seed from Holland, and in- 
viting French and Flemish ai-tisans to settle in Ireland, and 
prosecute tho cultivation of flux iin<l the manufacture of linen 
oloth. Whatever may have been the motives that n<!tnatod the 
unfortunate statesman— and ho certainly was not a disinterested 
benefactor of Ireland, for he tried to turn tho improved in- 
dustry into a personal monopoly — he deserves to be remem- 
bered for the impetus he gave to the linen manufactures of 


' Ireland. The earl invested .£30,000 of his private fortune in 
the enterprise, and it was afterwards made one of the grounds 
of his impeachment that “he had obstructed the industry of 
tho country by intiolucing new and unknown processes into 
tho manufacture of flax.” The Duke of Ormond also distin- 
guished himself by the encouragement ho gave to foreigners 
possessed of skill in linen manufacture to settle in Ireland; 
and two years after tho Restoration he pushed a bill through 
the Irish Parliament, entitled “ An Act for Encouraging Pro- 
testant Strangers and Others to inhabit Ireland,” which duly 
i received tho royal assent. In his “ Misoollanies,” first pnb- 
I lishod in 1681, Sir William Temple says, “No women are apter 
I to spin linen thread well than tho Irish, who labouring little in 
I any kind with their hands, have their fingers more supple and 
I soft than other women of the poor condition amongst ns ; and 
this may certainly bo advanoed and improved into a great 
I manufacture of linen, so as to bear down the trade of France 
} and Holland.” 

Notwithstanding all that had been done since the time of 
Elizabeth, however, the total annual value of the linen cloth 
; exported from Ireland at the aooession of William 111. did not 
amount to X6,000. Before the passing of the Act of 1697, 

I William invited Lonis Crommolior, a Huguenot refugee then 
! settled in Holland, to undertake the office of Royal Superinten- 
1 dent of Linen Manufactures in Ireland. Crommolicr belonged 
to a family which hod carried on linen manufacture in ihranoe, 

I in all its branches, for upwards of four hundred years, and ho 
■ himself had upwards of thirty years’ ©xperienoe. In 1 698 ho 
! aiTived in Ireland, accompanied by his son, and selected the 
ruined village of Lisnagarvoy as the site of tho new govern- 
ment matiufaoturiTig establishment* A little colony of refugees, 
of uU ranks and many trades, soon booamo planted at Lisbnm, 
which is about seven miles from Belfast, and tho place quickly 
began to wear a prosperous aspect. Many other colonies of 
French and Flemish artisans wore established in tho south of 
Ireland, where they carried on various branches of industry, 
but only those in tho north were |>ermanently successful, 
although Cork, liimeriok, and Waterford enjoyed superior facili- 
ties for trade. Among the French settlers in the north of 
Ireland may bo mentioned Peter Goyer a Picardy manufac- 
turer, who began the manufacture of silk and cambric at 
Lisburn. 

At that time woollen goods were the staple manufacture of 
Ireland, and tho prosperity of the trade soon roused the jealousy 
of English rivals. Protection was not an economic heresy in 
those days. The importation of yarn and linen and woollen 
goods from Franco was strictly prohibited, and at one time it 
was a penal offence to wear French cambric. These restrictions 
were, of course, believed to be beneficial to tho people of 
England, and tho same arguments which excluded French manu- 
factures from tho English markets wore used to exolnde Irish 
woollens. In 1698 tho English House of Poors memorialised 
King William to use his k^nence to discourage tho woollen 
manufactures of Ireland, and, by way of recompense, “to encou- 
rage the linen manufactures of the said kingdom, pursuant 
to an Act of Parliament in tho year 1696.” The English 
House of Commons also addressed tho king, requesting him to 
induce the Irish “ to cultivate tho joint interest of both king- 
doms ; and that as Ireland is dependent on and protected by 
England in tho enjoyment of all they have, they would be 
content to apply thomsolves to tho linen mannfaotnre, whereby 
they would enrich themselves and be beneficial to England at 
the same time.” The king replied, “ I shall do all that in mo 
lies to disoonrage tho woollen manufacture in Ireland, and to 
encourage tho linen mannfaotnre, and to promote the trade of 
England;” and tho Irish Legislature immediately imposed 
heavy duties upon the export of all woollen cloths. As a matter 
of course, tho woollen manufacturers Were completely rained ; 
thousatids of families were forced to emigrate, their labour and 
skill being no longer required ; and in the south and west wholo 
districts were nearly depopulated. In 1699 an Act was passed 
for tho snocial oncouragement of the Irish linen trade, and a 
board cal od “Tho Trustees for the Linen and Hempen Manu* 
factnros ” was established at Dublin, for the purpose of foster- 
ing tho growth of linen manufacture in tho north of Ireland. 
At first an annual sum of £6,000 was placed at the board’s 
; hn^ afterwarfls its revenue was increased to £20.000, 
and at this sum it remainod for a long period. Tho money was 
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Spent in premiums for tbo growth and importation of flax-seed 
for the estivation and preparation of the largest quatitities of 
flax-fibre, for the invention and distribution of new and im- 
proved implements, for the erection of scutoh-mills, and for 
the prodnotion of the best qaalities of yarn and oloth. A 
number of officials were appointed in the localities where the 
manufacture was carried on, and inducements were held out to 
the skilled weavers and flax-dressers of foreigii countries to 
settle in Ireland. This board continued in existence till the 
year 1828, when it was finally abolished. 

In his “ Dictionary of Commerce,” Mr. McCulloch makes 
the following criticism on the mistaken policy which successive 
governments so long pursued, in reference to the Irish linen 
trade. “ For a long period,” says this able economist, previous 
to 1830, bounties were granted on the exportation of linen. In 
1829, for instance, notwithstanding it had been greatly reduced, 
the bounty amounted to jB 300,000, or to nearly one-aeventh 
part of the entire real or declared valhe of the linen exported 
that year. It is not easy to imagine a greater abuse. A 
bouifety of (this sort, instead of encouraging the manufacture, 
rendered those engaged in it comparatively indifferent to im- 
provements ; and though it had been otherwise, what is to be 
thought of the policy of persisting for more than a century in 
supplying the foreigner with linens for less than they cost P 
We have not the least doubt that were the various sums 
expended in weU-meant but useless attempts to force this 
manufacture, added together with their accumulations at simple 
interest, they would be found sufficient to yield an annual 
revenue little, if at all, inferior to the entire value of the 
linens wo now send abroad. And after all, the business never 
began to do any real good, or to take firm root, till the manu- 
facture ceased to be a domestic one, and was carried on 
principally in mills, and by the aid of machinery — a change 
which the old forcing system tended to oounteracL The only 
real and effective legislative encouragement the manufacturer 
ever met witii, has been the reduction and repeal of the duties 
on flax and hemp, and the relinquishing of the absurd attempts 
to force their growth at home.” But it is to be feared that 
the discouragement of the woollen trade, and the encourago- 
mont of the linen manufactures, were intended to serve another 
object than the obvious one. The woollen trade was principally 
carried on by the Roman Catholics in the west and south of 
Ireland, while Protestant Ulster was the chief seat of the linen 
manufacture ; and by favouring the latter, and destroying the 
former industry, the Government of King William probably 
thought it was propagating Protestantism and checking Popery. 

Previous to the introduction of machinery, Belfast was but 
a small town ; its population in 1760 being less than 9,000. 
Cotton-Bpinning machinery was first used in the town in 1777, 
and machinery for the spinning of flax in 1806 ; and about the 
year 1792 shipbuilding was added to its industries. The 
progress Belfast made after the first-mentioned of these dates 
was rapid and steady. In 1798 the population numbered 
18,320 ; in 1831, 48,224 ; in 1841, 75,308 ; in 1851, 100.300 ; 
in 1871 it was returned at 174,412 ; and in 1881 it had risen to 
208,122. 

It was not till 1824 that the idea of erecting a spinning-mill 
on an extensive scale was entertained by a body of the Belfast 
linen manufacturers, and the project was not carried into execu- 
tion till 1828. In that year the Messrs. Mulholland built their 
works, which are in active operation at the present day, and since 
then an extraordinary extension of machinery has taken place. 
The linen exported from Belfast in 1885 amounted to 53,881,000 
yards, and was valued at ^2,694,000, and in 1803 the lAnen 
Circular calculated the aggregrate value of the linen manufac- 
tured in Belfast and its suburbs during that year at j 810,000,000. 
In 1864 the total imports int.o Belfast amounted to upward of 
X IX), 000, 000, and the exports were stated at a total of jES.OOO.OOO. 
There wore in the town and neighbourhood of Belfast in the 
year 1 858 th rty-threo steam spinninty-mills, or about ono-half 
of all the steam spinning-mills then in Ireland, which number»‘d 
seventy-six In Hre’g “Philosophy of Manufactures” (»86I) 
it is stated, that “of the Irish flax factories thirty-nine, or 
nearly rme-half, are situated in Belfast and its environs, and 
outside the province of Ulster there are but nine.” Mr. A J 
Warden, the author of the “History of the Linen Trade,” hns 
remarked that there is a dooidod tendency to centralise the lit on 
trade in Belfast. “ Many of tlie eminent houses,” ho says. 


* have opened sale-rooms in Belfast, at the same time oondnot- 
ing their operations as formerly in the localities whore their 
manufactories and bleaoh-fields are.’* During the four years 
ending in 1871 the linen trade in the north of Ireland was 
rather depressed, and in 1870 it was injuriously affected by the 
outbreak of the war between France and Germany. In the 
autumn of that year, however, the exports to the United States 
wore very large and nearly, if not quite, compensated the loss 
of custom from Germany and Franco. 

^ITie commerce of Belfast is very extensive and rapidly in- 
creasing. Only a comparatively small part of the exports are 
sent direot to foreign oounti les, and the most important branch 
of traffic is across the Irish Channel to Great Britain, and 
principally to Liverpool. About forty steamers arc regularly 
engaged plying between Bel oat and the principal ports of 
England and Scotland, besides Dublin and Derry, and the ohiof 
articles of export are linen and cotton manufactures, linen yam, 
corn, meal, flour, provisions (inoluding under that term hams 
and bacon), tow, and horses. The increase tliat has taken 
place in the shipping of tlie port is, indeed, quite as remarkable 
as the growth of the manufactures. In 1700 there were only 
five small vessels owned in Belfast, while in 1865 there were 
326 sailing vessels over 50 tons burden, and 153 below 50 tons, 
besides 1 1 steam-ships belonging to the port ; and oonsiderablj 
over 8,000 vessels, with an aggregate of about 1,250,000 tons 
burden, are now annually entered and cleared at the port. The 
inland trade of the town is oarriod on by means of the Lagan, a 
canal, and three railways. 

There are five extemsive ootton-mills in Belfast, in which 
velvets, fustians, jeans, ticking ginghams, calico, muslins, etc., 
are made. Bosidos the industries already noted, oalioo-printing, 
bleaching, and dyeing are carried out on a large scale in Belfast, 
and it also contains important iron fonndrios, maohine shops, 
ohomioal works, glass works, distillorios, breweries, flour-mills, 
tanneries, roperies, etc. 

Tbo climate and soil of Ireland are more favourable to the 
growth of flax than the climate and soil of either of the sister 
kingdoms, and a society has long boon established at Belfast 
for promoting its cultivation. This society has not been un- 
influential, but it is oonsidorod doubtfnl whether its exertions 
have been beneficial to the country. In 1847 there were only 
58,312 acres of land under flax in Ireland, while the average 
acreage during the throe years 1865, 1866, 1867 was returned at 
256,015. Nearly the whole of the flax grown in Ireland finds 
its way to Belfast. The condition of the working classes in 
Belfast will compare favourably with that of the artisans of any 
other town in the kingdom, and in some respects they are 
bettor off, for they seldom suffer from temporary interruptions 
of trade ; while the lauded aristocracy ore in a small minority, 
and the middle olasses enjoy all the comforts axkd many of the 
luxuries of life. 

TECHNICAL DRAWING.— XXXI. 

DRAWING FOB MACHINISTS. 

THE STEAM-ENGINE (continued). 

Fig. 284 is the crank-pin that is hold by a cotter, or wedge, 
in the smaller end of the crank, and it receives tho larger end 
of the connecting-rod (Fig. 285), which end consists of a solid 
sqaare-shaped block, through which passes a gib and cotter. 
The brass bearings, or “brasses,” are held in position by n 
strap which passes over them, and ore kci>t from opening by 
the gib, and tightened by the cotter : a small set-sorow, mth 
hexagonal head, holds the cotter in position when driven into 
its place. 

Tho smaller end of this oonneoting-rod (Fig. 286) is m^ 
difltorently, for it passes inside the closed jaws of tho motion- 
block (IHg. 312), and tho brasses need no flanges to prevent 
their coming out of place. This end is made solid without any 
strap, and the brasses are tightened np by a cotter and screw, 
no gib being required. Other forms of connecting-rods arc in 
common use, tho kind generally adopted for marine engines 
being shown in Fig. 219 (Vol. I., page 325). 

Figs. 287 and 288 are end elevations of tho 0 (mneoting-rod, 
.nd Fig. 289 a section across tho middle to show its tbiolmesfc 

Figs. 290 and 291 are views of the oocen trio-rod, which •- 
merely a smaller and lighter connecting-rod between the 
eccentric and slide-valve. Both conneoting-rod and eccentric- 
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Tod fllioald bo an long ao poBsiblo, because if too short they cheap, and most effective method of prevcniuiy Unn evU. The 
oauBo an irregular distribution of steam in the cylinder, and centre portion of the screwed end is turned smaller, so that 
injurious pressure upon the slide-bars. , the inner nuts may slip over it, and thus be more expeditiously 

Figs. 292 and 293 are views of the valve-rod, which enters inserted than if they had to bo screwed along the wliole length, 
through a gland in the valve-box cover, and holds the slide- ‘ Fig. 294 is the piston-rod, partly shown with the piston in 
valve, its outer end being in oonneotion with the eooentrio-rod, Fig. 275. This rod is made of steel, for it has to endure much 
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and thus the movements of the eooentno are oommunioated to 
the slide-valve. The screw upon this valve-rod is provided 
with double sets of nuts, the outer, or second one, being called | 
a louk-nut, and its office is to hold the inner ones in any I 
desired position. When adjusted into its place, the outer nuts | 
are screwed fitst upon those inside, preventing them from be- j 
ooming loosened easily. Wherever there is much vibration, 
single nuts are liable to loosen, and look-nuts form a simple, 


fnonon, and would wear away if made of iron. One end is 
screwed into the piston, and the other conical end fits iato a 
corresponding hole in the motion-block (Fig. 312), and is fas- 
tened by a cotter into its position there. 

Fig. 295 shows the motion-block pin which forms a bearing 
for the smaller end of the connecting-rod (Fig. 286), and is 
inserted through a corresponding hole in the motion-blnok (Fig. 
312). A small piece of wire is inserted dose under the head of 
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tSiis pin, and fitting into a keyway in the motion-block, prevents Fig. 299 and 800 are two views of the eooontrio which moves 
the pin from turning round, and compels the brasses of the con- the slide-valve, as already stated in the preceding lesson. An 
nec^g*rod to move upon it. eooentric is nothing more than a disguised form of crank, whore 

As any pressure on the piston causes a side strain to the what ^rresponds to the pin is sufficiently large to embrace the 
blinder, pedestals, etc., which the bolts alone are unfitted to sha^ Its movements are the same as those of a crank, and it 
withstand the steady-pin (Fig. 296) is a very simple, cheap | forms an excellent method of moving the valves of steam-engines. 



form of key to hold all the parte in their proper position in I The central portion is keyed on the ^n shaft, and the two 
spite of side strains. Holes are drilled through the cylinder and I rings placed around it are held in position by bolts with looked 
pedestal fianges, and these conical pins are driven in and form ' nuts. A sniall oil-oup behind serves to k« op the working sur- 
a most effective key, which is easily removed when necessary faces lubricated. , , 1 . u xv 

for taking the engine to pieces. . Figs. 301, 302, and 308 are front, side, and back views of ^e 

Figs. 297 and 298 are a plan and elevation of the plnmtner- j oblique pedestal behind the crank. As the pressure of ^e 
block or pedestal which carries the hinder end of shaft near | piston is altogether from the side, such a pedestal as Fig. 298 
the fiy-wheeL * I would wear away at the joints of the brasses without the means 
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of tighteninj?, and therefore in this case would be unsuitable ; 
but the side pedestal shown is properly arranged for resisting 1 
the pressure communicated to tiie orank, and being tightened 
up as it wears. 

Figs. 304, 305, and 300 represent the throttle-valve pipe in 
three views; Fig. 307 the valve itself; and Figs. 308, 309, 
and 310 its lover and shaft. This ooutrivance is really an 
imperfect form of valve or tap, which, closing, reduces the 
quantity of steam admitted to the cylinder. It is worked by 
1^0 governor, in the manner shown in Figs. 338, 339. 

Fig. 311 is a section of the fly-wheel rim and one of its arms; 
side elovationa being shown in Figs. 338 and 339. 

Figs. 312 and 313, the motion-block, which forma a con- 
nection between the piston-rod and connecting-rod; and also 
works in the slide-bar (Figs. 314, 315, and 316). An inspection 
of the general drawing will show that the angular direction of 
the conneoting-rod would strain the piston-rod, unless means 
wore adopted for resisting it. The motion-block slides upon a 
smooth surface parallel with the axis of the cylinder, and 
receives the angular thrust of the conneoting-rod, so preventing 
any undue strain coming upon the piston-rod. There are many 
different forms of slide-bar in nso, but the one shown is as neat 
in appearance as any, though it has a disadvantage in offering 
a larger surface for pressure below than above, for the engine 
to run round to the right — that is, in the direction that the 
liands of a watch turn — and then the pressure on the motion- 
block is always downwards. 

• The fly-wheel shaft (Fig. 317) is shown as if partly broken, 
the object being to reprosont its special form to as largo a 
scale as possible, without oooupying inconvenient space on the 
page by more length. It will bo observed that the comers are 
rounded instead of being made square. This is a most im- 
portant feature in shafting oxnoaod to any strain, for when the 
angles are made square, shaftH will sometimes break, although 
amply strong enough in appearance for the work to be borne. 


CHEMISTRY APPLIED TO THE ARTS.— IX. 

nV GJBOKOIE OLADSTOKJE, F.C.S. 

CANDLE-MAKING. 

WoNDBKFUL progress has been made daring the last few years 
in the art of making candles ; those which are now in common 
use in the best circles being of a composition wholly unknown 
to the last generation. The article used almost universally by 
the poorer class remains, however, much the same as it then 
was. For oertain puri)oses the old-fashioned dips are not super- 
seded. In the first plaoo they are cheap, and in the second 
they are not liable to gutter, which renders them most appro- 
priate when a candle is to bo carried about : the readiness with 
which some of the superior sorts of candles shed the molted 
portion while being carried about a house is often a source 
of great annoyance, and cause of damage to the carpets and 
other articles of furniture. The necessity of snuffing the dips 
is, however, an objection, as they give only a very indifferent 
light in the interval, and if not attended to, the burnt portion 
of the wiok is apt to fall and cause waste. 

Tallow candles belong to two categories— and moulds. 
The latter are superior to the former, both in composition and 
appearance, though made of exactly the same materials. The 
tallow used for such purposes often contains a mixture of 
various fats, such as those of beef and mutton, hog’s lard, etc. 
Such ingredients are liable to turn musty and rancid, on which 
account it is necessary to purify them, first by melting them 
and skimming off all the membranous substances which may be 
mingled with them. The skimmings are pressed into a cake 
and sold as ^aves. If mould oau<llea ore to be made, the 
fallow is generally subjected to other prooesses in order to 
increase the firmness, and at the same time to improve the 
colour. Tallow itself is, however, very rarely used now for 
making mould candles, being nearly superseded by stearinc and 
paraffin. 

The wiok of a tallow candle needs to be rather bulky and 
loose In texture, so as to allow the melted tallow to rise freely : 
ootton, loosely twisted, fulfils tiiese conditions best. A wiok 
which will not require snuffing can be made by plaiting the 
thread tightly, because in snob case the wiok never keep 


straight as it burns, but will curl up until the end projects to 
the outer edge of the flame, where the heat is sufficiently 
intense to burn it away altogether. Such wicks, however, will 
not absorb sufficient tallow to produce a satisfactory light, and 
are therefore reserved for the better descriptions of candles, 
which bum with a much brighter flame. For large caudles two 
wicks are sometimes used, and they are so placed that they 
bend in opposite directions as they barU) and thus produce a 
broader illuminating surface. 

To make dips, the wicks are attached to a frame, and im- 
mersed in a trough of molten fat, from which they are graduaUy 
withdrawn, to allow the adherent tallow to cool. This dipping 
, i repeated from time to time until the candles have acquired 
the proper thickness, the subsequent dippings after the first 
being more rapidly performed, and in tallow of a rather lower 
temperature. 

Mould candles suggest by their name the plan adopted in 
their manufacture. The mould consists of a metallic tube of the 
proper shape and size, through whioh the wiok is passed, and 
then the molten tallow, or other material, is poured in and left 
to cool. A large number of these moulds are arranged in one 
frame, so that they are all filled at one operation. Pewter is 
found to be the best mateiial of whioh to make the moulds, as 
it is not affected by any acid there may bo in the tallow. They 
should not be made any thicker than is necessary for the sake 
of durability, a^ the thinner they are the more rapidly will the 
cooling take place. For stearine candles, moulds made of a 
mixture of tin and antimony are better. 

Sperm candles, until within a recent period, were the only 
rival of the real wax candle. The name is a contraction for 
spermaceti, from which they are principally made. It is a 
kind of fat which is obtained from the he^ of a particular 
species of whale, Physeier marrocephalua, which, when the oilv 
portion is expressed, forms a solid of pearly wMtenoBS and of 
crystalline structure. It does not contain any glycerine, and 
hence it is not greasy to the touch. For this reason, as well as 
their beautiful appearance and high illuminating power, sperm 
candles have justly enjoyed a high reputation. In order to free 
the spermaceti thoroughly from the oily portion, pressure is not 
found sufficient, even though hydraulic presses of great power 
are used. After it comes out of the press, therefore, it is 
frequently boiled along with a little caustio soda in solution, 
just sufficient to combine with the residual oil, which will then 
be converted into a soap and can bo skimmed off the surface. 
If too much alkali were added the spermaceti would in like 
manner bo saponified, and a loss of material would ensue. It is 
afterwards washed with water, whioh removes all the soap that 
may have remained over from the skimming. Tlie material 
being thus prepared, the candles are made in moulds with 
plaited wicks as above described. 

The improvements in candle manufacture whioh have taken 
place of late years have caused the real sperm and wax candles 
to be greatly superseded. Every one is now familiar with those 
made of stearine or steario acid. This substance is present not 
only in animal fats, but also in many of the vegetable oils ; 
palm and ooooa-imt oils contain large quantities, and are now 
very extensively used in the preparation of stearine. The other 
principal ingredients are margaric and oleio acids, and glyoerine. 
The former of these need not be altogether removed, but the 
oleio aoid is muoh too liquid to suit the candle-maker, and the 
glycerine must be extracted, because it will not bum, and its 
presenoo would therefore diminish the illuminafing power. 
Stearine, when thoroughly separated from these several sub- 
stanooB, is a firm crystalline body, and makes a hard, clean, and 
good-looking candle, which gives a strong bright light. 

Palm oil, when in its natural state, is very highly coloured, 
and it has therefore to be bleached. Most of the other sub- 
stances are more or less tinged, and it is desirable to submit 
them also to a similar process. This is usually done after the 
ingredients which are not required have been removed from the 
crude oil. 

There are several distinct processes for the separation of the 
steario acid. . Superheated steam will serve the purpose, and 
partially bleach it at the same time. Tlie fatty matter is 
placed together with water in an iron chamber capable of bear- 
ing a pressure of about 2,000 pounds to the square inch, and is 
raised to a temperature of from 500® to 600® Fahrenheit. The 
glyoerine thou combines with the water, and on the contents 
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being drawn off into a tank, the etoaric acid separates from 
the other substanoes. 

The sulphuric acid prooess is, however, more commonly 
adopted, especially in the conversion of palm oil. It is first 
melted in large vats, and then passed into a leaden tank, whore 
it is heated by steam to about 350“ Fahrenheit. Strong sul- 
phuric acid is then gradually added to the extent of about ^ of 
the weight of the oil, the boiling being kept up all the time. 
After being left awhile to settle, the oil is transferred to the 
stills, where it is distilled over at a high temperature, the i 
glycerine coming off first, and the ultimate product forming a I 
tolerably firm substance on cooling, which without further pro- i 
paration may be converted into candles. Those so made are 
oallod composites ; the quality, however, can still be consider- 
ably improved. In order to make the best stearine candles, the 
fatty acid is shredded by a machine, and then spread evenly 
upon mats, which are piled one upon another, and then put 
under a hydraulic press : all the oleic acid is thus expelled. On 
taking the stearine out of the press, it is again molted with a 
weak aqueous solution of sulphuric acid, and after the liquor is 
drawn off, a very pure and hard stearine results on cooling. 

A third plan of separating the glycerine is by converting this 
oil into a soap. For this purpose the alkali used by soap- 
boilers is too expensive ; caustic lime, wliicli is found to answer 
equally well, is therefore used instead. The oil having been 
melted in vats by the introduction of steam, slaked lime, 
worked up with a sufficiency of water to make it about the con- 
sistency of cream, is gradually added, until the proportion of 
lime to the oil is about 15 per cent, by weight, the mixture 
being well stirred all the time. The vats are then shut down 
and kept at a high temperature for some hours, during which 
period the lime has combined with the fatty acid, forming a 
soap, while the glycerine has combined with the water. The 
mixture is then allowed to cool, the glycerine and water drawn 
off, and the residue well washed with cold water. The lime- 
soap contains oleic and palmitic as well as stearic acid, but the 
next step is to separate the lime and leave the acids perfectly 
free. To this end sulphuric acid, having a great affinity for 
lime, is employed. The soap is heated to something under the 
boiling-point with sulphuric acid and water, the weight of con- 
centrated acid employed being about one-fourth of that of the 
Hoap to be decomposed. When the fat has separated and risen 
to the surface of the liquid, the sulphate of lime and water is 
drawn off, and the fatty acids are left to cool and solidify. The 
oleic acid is then usually removed by pressure, and the stearine 
is ready to be made into candles. 

At first some difficuliy^ was experienced in making them in 
moulds, on account of the great tendency of the stearine to 
crystallise. It was found that a small admixture of arsenic 
would prevent this, but its poisonous reputation prohibited its 
use. An addition of a little wax has the double advantage of I 
preventing the crystallisation of the stearine and of increasing ' 
the beauty of the candles ; a mixture of from 10 to 20 per cent, 
of paraffin will also obviate the difficulty ; and a still simpler 
expedient consists in regulating the temperature so that the 
stearine shall only be just hot enough to allow it to run. 

Within the last twenty-five years or so, a very important ad- 
dition has been made to the sources of supply of the ingredient 
most important to the candle-maker. About that time many 
attempts were made to convert the peat bogs of Ireland into 
candles, but they were generally looked upon with incredulity. 
As a scientific experiment the attempt was quite legitimate, but 
as a commercial operation the candles produced wore found to 
be vastly too dear. The material distilled from the peat was 
paraffin, but it could only be obtained in very small quantities 
and at great expense. The earth-oil from Rangoon, which is 
obtained in wells, was found to bo rich in this ingredient, and it 
could be separate from it at a sufficiently chea}) rate. It was 
also found to be present in considerable quantities in the Cannel 
coals, and the oil shales associated with them, and could be 
separated by distillation at a low red heat. The Bathgate 
shales near Edinburgh (otherwise called Boghead coal or Tor- 
banehill mineral) being very rich in hydro-carbons, large works 
have been carried on there since the first discovery of their 
value, for the distillation of the paraffin and the mineral illumi- 
nating oils. It is now produced wherever cannel is found, the 
principal centre of the trade in England and Wales being in 
Flintshire, Cheshire, and Lancashire, coal of this description 


being raised at Mold and Wigan. The petroleums of the 
United otates also yield this substance. 

Paraffin is a pure hydro-ciirbon, containing nothing else than 
carbon and hydrogen, being precisely the same ingredients as in 
ordinary coal-gas, though in another form, gas being produced 
by distillation of the same substances at a much higher tempe- 
rature. It is a colourless solid, not at all greasy to the touch, 
which melte readily at a low boat, and burns with a brilliant 
flame. Unlike the oils and fats spoken of above, it does not 
contain any glycerine. Ozokerit is also a mineral hydro-carbon, 
distilled from an oil shale obtained in Southern Russia ; it has, 
however, a higher melting-point, which is an advantage in some 
respects. Pure paraffin melts at about 120“ Fahrenheit, which 
is too low a point to bo safe in a hot climate, and on which 
account it is generally mixed with stearine, the two together 
forming a very excellent candle. 

There is one other article from which candles are frequently 
mode, which demands consideration — wax. The material is not 
only different in character, but the manner of dealing with it is 
also quite distinct. Bees’ -wax is a very familiar substanoo 
which scarcely needs description, but there is also Chinese wax, 
which is the exudation of an insect, and vegetable yraxes, which 
are prei)arcd from tlie berries and fruits of certain plants. 

Bees ’-wax is usually of a very decided yellow colour : it must 
in consequence bo bleached Tlie ordinary bleaching agents 
cannot bo applied, and thcreloro the wax has to pass through a 
prooess somewhat similar to what used to bo adopted with textile 
fabrics in olden days. The wax is first melted by the agenoy of 
steam, to separate any oxtraneons matters, and then made into 
thin sheets, which are spread out in the open air and watered 
I from time to time, until the greater portion of the colour is 
lost. 

Wax candles arc seldom made in moulds, on account of the 
difficulty of drawing them out after they have cooled. They 
are therefore usually made by another process, which is termed 
basting t tbe wioks are suspended to a frame over the caldron 
of melted w^ax, and instead of being dipped into the liquid, as in 
the case of tallow, the workman takes the wax up in a ladle, and 
pours it over the row of wioks in succession, until they have 
attained about onc-third of their ultimate thioknoss. They aro 
then removed from the frame, and rolled between marble slabs, 
in order to make them quite smooth and of uniform thickness. 
The candles aro again suspended to the frame and basted os 
before, then rolled, and the ends trimmed with a knife, in order 
to make them all of the same length. 


COLO UK.— X. 

By A. H. CituBCH, H.A., Professor of Chemistry, Royal Academy. 

CAUTIONS AS TO THE TRUE PRIMARY COLOURS AND CHRO- 
MATIC EQUIVALENTS — MODIFICATIONS OF COLOUR BY 
ILLUMINATION — DIFFUSED DAYLIGHT — LIGHT OF THE 
SKY AND CLOUDS — SUNLIGHT — A DOMINANT COLOURED 
LIGHT — ARTIFICIAL LIGHT.S — TWO LIGHTS. 

Before entering upon the consideration of the oban^s pro- 
duced in coloured objects by the nature of the light which falls 
upon them, it is desirable to repeat a caution which we have 
given our readers more than once as to the value to be put 
upon our supposed set of three primary colours and their chro- 
matic equivalents ; for, in discuBsing the laws of harmonious 
assortments of colours, wo have assumed the truth of both 
these doctrines, because we were dealing with pig^ments or dyes, 
and not with coloured lights (see Lessons VI., VII., and VIII.), 
while for pigments, the conclusions reached by Field, and gene- 
rally adopted, so far as regards the relations and equivalents 
of oolours, are of no small service. Field’s conclusions were 
indeed obtained by imperfect methods, and relate, so far m 
they ore true, only to oolours produced by absorption ; but it 
is, of course, precisely with this mode of producing colours that 
, wo are concerned when occupied with pigments. It will bo 
I well, however, to point ont the special ooijvenience of the 
primary triad of colours in general use by painters and oma- 
I mental colourists. Yellow, red, and blue have been selected, 
I for artistic as well as practical reasons. With these colours, 
unmixed, but properly distributed over a painted surface, it iij 
perfectly possible to get that kind of “ neutralised bloom ** 
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whicli all Batiafaotory oolour-combinationa should exhibit when 
viewed at a eufficient distance ; just as a similar result may be 
secured by the mingling, through rotation or otherwise, of the 
same throe colours. A second artistic or aesthetic reason for 
the selection of this triad lies in the variety thus secured. 
Yellow represents to the eye nearness, lightness, and brilliancy, 
and does not actually admit of anything like the intensity of 
the purest rod. Ked imparts an idea of warmth and richness, 
and is as far removed, in its several qualities and the sensation 
it awakens, from yellow as it is from blue. Blue gives us the 
clement of coolness and retirement, and is less brilliant and ' 
more intense even than red. If we take the triad red, green, 
and bine, we have not the same range of effect at our disposal, 
red an<l green being removed from each by a far greater interval 
than that which separates green and blue. As to the practical 
uses of the two rival triads, there can be no hesitation in pre- 
ferring the common one ; for red and green pigments when 
mixed do indeed produce grey, and blue and yellow pigments, 
gi’oen ; though were lights, not pigments, concerned, red and 
green would yield a yellow, and blue and yellow a white 
light. 

We have already explained how the mixed nature of the rays 
reflected and absorbed by pigments causes this difference, 
this departure from the anticipated result; but the only thing 
wo have to do under the circumstanoes is the adoption, for 
the spooial pur]) 080 , of a plan of mixing colours which can be 
suooeasfully carried out in practice. The impressions which the 
retina of the eye rooeivos, and which become translated by 
the brain into sensations of colour, are certainly produced in 
diftoront ways. The mingled rays, for example, of red and 
bluish-green light produce a oolour-sensation absolutely iden- 
tical with that produced by the perfectly simple and pure 
yellow light of the spectrum; but it would be grossly in- 
(?orreot to regard yellow as of necessity a compound colour for 
this reason, since we know it to be incapable of any kind of 
<lccomposition as it occurs in the solar spectrum and in most 
pigments. It is quite possible, also, to produce the colour-sensa- 
tion of blue by the mingling on the retina of certain green and 
violet rays, yet this does not warrant us in regarding the solar 
blue rays as being otherwise than simple. But when wo come 
to mix pigments on a palette wo find that very diflerent results 
occur, yet that in no case is a pure yellow, or rod, or blue colour 
produ(!ed by any mingling other colours. So our practical 
treatment of the colour-relation of pigments must differ from 
that of coloured lights. 

Wo are also compelled to lay but little stress on the doctrine 
of chromatic equivalents. Wlion pure coloured rays are experi- 
mented with, it is possible to learn the proportions in which 
they must bo mingled to produce certain effects ; but when 
the same problem is attempted to bo solved in the case of 
pigments, the complexity of the subject baffles us, and our 
results are scarcely more than very rough approximations to 
the truth. Still, there is an obvious propriety in the more 
sparing use of luminous an<i brilliant colours, as yellow, as 
compared with those of groat depth and intensity, such as blue ; 
and if we find that mixtures in certain proportions of par- 
ticular coloured pigments give colours approximating to certain 
standards, or produce neutral greys, we may consider suoh 
proportions as corresponding in some measure to the ohro- 
matio equivalents of the pigrments in question. Thus it is found 
by experiment that two grains of nickel in the form of chloride 
yield a bluish-green solution, which is perfectly competent to 
neutral^ the rose-pink colour of a solution of chloride of cobalt 
oontaining one grain of cobalt. In this instance, the nickel- 
green is related to the oobalt-pink in the proportion of 2 to 1. 
We trust that, without further dwelling upon these subjects of 
the primary colours and chromatio ^uivalents, we have said 
enough to show at once not only the use of our explanations 
in Lessons VIII. and IX. of colour-proportion, balance, and har- 
mony, but also the reserve under which these explanations must 
be aocepted. In passing on to the study of the modifying in- 
fluences of different kinds of illumination upon the oolonrs of 
objects, we would premise that the remarks just made must 
likewise be kept in view. 

*^0 quality and intensity of the light by which objects and 
their colours are discerned are liable to groat variations, and 
produce oorrasponding changes in the colours reflected from the 
euziaoes which they illuminate. Putting on one side, for the 


present, the variations produced by the nature of the substance 
or surface on which the light falls, we may consider the condi- 
tion of a plane and uniformly-coloured surface as illuminated by 

1. Diffused daylight, and sunlight ; 

2 . A dominant ooloored light ; 

3. Artificial lights, as candles, lamps, fire ; 

4. Two lights, of different quality or intensity. 

§ 1. It is scarcely neoessary to state that the light of day 
varies greatly in colour ; the causes, however, of its variations 
may not be at once apparent. In reality, there is one chief 
active cause which originates its chromatio changes — the air 
is not perfectly transparent^ it is more or leas cloudy or 
troubled. ow even if the sun’s luminous rays be purely 
white, they will suffer ohange by passing through a cloudy 
medium. The ease with which they pass will vary with the 
more or less complete approach to transparency of the atmo- 
sphere and its depth. Let us study in suoceasion the blue light 
of the sky, the apparently white light of clouds, and the rod^h 
light of direct sunshine. 

How docs the blueness of an unclouded sky originate P We 
may best explain it by moans of an experimental illustration. 

Upon a sheet of black glass or a surface of black japanned 
metal, place a drop of milk, diluted, if necessary — which wiU 
seldom be the case — with a drop of water. The milk is a 
cloudy medium; its minute particles reflect certain rays of 
very short wave-length — ^those towards the more refrangible or 
blue end of the spectrum ; therefore, by reflected light, a drop 
of milk on a dark background appears blue. So, through a 
delicute skin, and a series of translucent but not transparent 
membranes, the light refieotod where the dark background of a 
vein filled with venous blood exists, is blue. So, also, the trans- 
lucent, but not absolutely transparent tissue of the iris of the 
eye often reflects a blue light, there being in this instance also 
a background of a blaok pigment, but no real blue colouring 
matter whatever. The blueness of the sky has a similar origin. 
Against the dark background of infinite space, a translucent 
medium is placed ; this medium is the atmosphere. It is never 
transparent, countless millions of minute particles, chiefly of 
water, being suspended in it. When these particles are of a 
certain degree of minuteness and uniformity, they arrest the 
free passage of white light ; this they do by a peculiar kind of 
“interference” (see Lesson II.). Each minute foreign particle 
of water gives rise to two rofioctions, one on each surface — one 
external, on the anterior surface ; one internal, on the posterior. 
These reflected rays, passing from air into water, and from 
water into air, suffer different retardations, and, on emergence, 
cause the usual phenomenon of interference, namely, the pro- 
duction of colour. When the particles thus affecting the inci- 
dent light arq suffioiontly minute and sufficiently numerous, the 
proportion of reflected green, blue, and violet rays, which 
together give the colour-sensation of blue, predominates greatly 
over the rod, orange, and yellow rays, with their longer undula- 
tions. Thus, the refleoted tight of the open sky is blue ; but lot 
the thickness of the reflecting layer, or the number of the 
reflecting particles increase, and the blueness of the light 
decreases, for the solar light, which has been deprived by the 
kind of reflec^tion just described of a great proportion of its 
more refrangible rays of short vibration, has become yellowish, 
or orange-tinted, and is no longer capable of furnishing an 
excess of bine rays. From this oanse we see that while the 
light of the zenith is a distinct blue, it becomes gradually of a 
less pronounced tint towards the horizon, where it would be 
white if other conditions did not there produce other modifica- 
tions of the refleoted light. This exquisite gradation of tone in 
the sky is often missed by unobservant painters, who think that 
the same mixing of some blue pigment will do to represent the 
colour of the whole sky shown in their pictures. 

Now if the reflected light of the blue sky owes its eolour to a 
sort of sifting of the solar rays, it will be rightly concluded that 
the transmitted light, depriv^ by this process of its green, blue, 
and violet elements, will partake more or less distinctly of the 
oolonrs of the residual rays of the solar spectrum. Suoh is the 
case. The light transmitted through a tobid medium shows a 
predominance of yellow, orange, or even red light. Direot sun- 
light partalces of this character, but it is generally more distinctly 
seen when the same object is illuminated by two lights, which 
can be oomparAd and contrasted together. Yet there are eases 
j in which the redness of sunlight is manifest enough. Not only 
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is bright simahiiie spoken of by painters as w a rm in an artiatio 
sense, because of its ruddiness, but the light of the sun, trans- 
mitted through % great thickness of a turbid atmosphere, often 
appears, as at sunset, of an intense red or cTimson colour. The 
street lamps in a fog illustrate, by their gradually increasing 
redness as they become more distant, the same fact. 

While, then, the light reflected from the sky is bluish, and 
that transmitted directly from the sun through an aqueous 
atmosphere reddish, the light of day is often white. The 
porfcioles suspended in the air may be either too large or 
too small to produce the effect we have been discussing. 
Thus, through certain kinds of fog and mist the light of the 
Bu:i reaches us, reduced in intensity it is true, but unchanged as 
to its quality of whiteness. So, also, the light reflected from 
dense masses of cloud is often nearly white, and at other times 
is grey, owing to a comparatively deficient illumination or to 
absorption. It will not be necessary to detail here the modifica- 
tions of colour which objects undergo when illuminated by direct 
sunshine, or by the light reflected by the blue firmament or 
white clouds, as it may be readily learnt from the next succeed- 
ing paragraph, in which we treat of the effects of a dominant 
coloured light. 

§ 2. When a landscape is viewed through a piece of neutral- 
tinted or grey glass, the rays of different colours belonging to 
different parts of the spectrum are intercepted to a nearly equal 
extent ; when the glass itself is coloured, a different result 
ensues. Through a yellow glass, all objects acquire a yellowish 
tinge, not because the yellow glass actually adds any yellow 
rays to the light which it reflects, but because it outs off the 
other coloured constituents of the light in different degrees, and ! 
BO increases the proportion of yellow light conveyed to the eye. i 
Objects which are originally yellow remain virtually unchanged, 
but relatively intensified ; those which are red lose a small part 
of their red rays ; those which are green assume a yellowish- 
green hue, since some of their green and blue rays are out off ; 
while blue objects acquire a greyish-green hue, owing to the 
suppression of many of their proper blue rays, and of the 
further sifting which the white light they reflect suffers. When, 
on the other hand, objects variously coloured are illuminated by 
a pure light of one colour, that is, monochromatic light, the re- 
sults are different. All objects reflect naturally, if they have 
the opportunity, as in daylight they have, some white light ; 
but when a pure coloured light is thrown upon objects usually 
distinctly coloured, they can either reflect no light at aU, or only 
that which is incident upon them. But, in point of fact, when 
experimenting with coloured illumination of this kind, wo have 
not to deal with pure red, or orange, or green lights. It vrill be 
most serviceable for the purposes of the practical application of 
our principles if we give some clue as to the modifications pro- 
duced in the colours of objects by different qualities of light, in 
which certain rays severally preponderate, but, nevertheless, do 
not wholly constitute the light. Illuminated by a light in which 
yellow rays predominate, yellow objects become less distino- 
tively yellow when put by the side of white objects, which then 
assume a yellow tint. Pale yellow gloves by the yellow light of 
a lamp are hardly to be distinguished from white gloves. Oz^mge- 
coloured objects become, if anything, rather more yellowish in 
yellow light. Vermilion increases in brilliancy if the light be 
hot very largely composed of yellow rays, but merely have them 
in preponderating number. Beddish and bluish violets become 
duller and redder, losing a part of their blue. Blue itself, when 
pale, becomes paler, and inclines towards a greenish blue; while 
dork and rich blues lose somewhat in intensity and purity. If, 
instead of white light tinged with yellow, we try the effects of 
yellow light accompanied by a small amount of white light, the 
effects are still more decided. 

The following is in the main Chevreul’s list of the modifi- 
cations experienced by various coloured surfaces, when viewed 
in coloured light nearly pure, or in a dim diffused light with an 
intense coloured direct illumination:'"- 


Tellow njs fidling on whfit 

„ „ V 6 H 0 W 

o •» <»*■««»• 

1* •» 

„ „ 1 K 0 W 

rt « dopWu# 


•» »i 

9 if 


gtttn 


make it appear paU yellow, 

„ orange-yeUovo, 

„ „ yeUowwr, 

„ „ orange-hroiim, 

„ „ hrownish-vioUt, 

„ „ greenieh^ elate. 

,, „ yeHoipieh^green, 

„ „ blaekieh-olive. 


Bed 

rays falling on white 

make it appear red. 

it 

II 

II 

yellow 

» 

II 

orange. 

II 

II 

II 

orange 

II 

II 

redder. 

II 

II 

II 

red 

n 

II 

redder. 


II 

If 

violet 

$1 

II 

reddish-violet. 

*» 

II 

II 

blue 


II 

violet. 

1 $ 

II 

II 

green 

II 

II 

reddieh-gfeg. 

ti 

n 

II 

block 

II 

II 

neety block* 

Blue 

rays falling on white 

make it appear blue. 


II 

II 

VcUcw 

II 

II 

green. 


II 

II 

orange 

II 

II 

plum-brown. 


II 

II 

red 

91 

91 

violet. 

•9 

II 

I* 

II 

vioUt 

II 

91 

reddieh-violet 

99 

II 

blue 

91 

91 

bluer. 

99 

II 

II 

green 

U 

II 

bluish-green. 

99 

II 

,1 

block 

II 

II 

bluish-black. 


Orange rays falling on white make it appear orange. 


99 

)/eUow 

II 

II 

orange-yellow. 

99 

orange 

II 

If 

reddish-orange. 

99 

red 

II 

II 

scarlet. 

99 

violet 

II 

II 

reddish-brown. 

99 

blue 

II 

II 

greyish-orange. 

99 

green 

II 

II 

greyish-green. 

99 

block 

II 

II 

brown. 


Violet rays 
•( »♦ 

»» ** 

*1 ** 

•» »f 

« *» 

>f ** 


falling on white make it appear violet. 


yellow „ 
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„ bluieh-green. 

„ more intense a green. 
„ dark greenieh-groy. 


The above results were originally obtained by Chevreul by 
exposing pieces of coloured cloth to diffused daylight, and 
illuminating half of each piece also by the light passing through 
glasses of the several colours named. The effects are con- 
sequently partly due to contrast, and’ are only true for the 
special conditions of the experiments performed. They, how- 
ever, give us some notion of the various directions in which 
different coloured lights affect the colours of objects already 
moderately illuminated by diffused daylight. On this point see 
further the statomonta given under § 4 below. 

§ 3. In considering the effects on coloured surfaces of yellow 
light we have in point of fact considered the effects of the light of 
gas, oil lamps, and candles upon them, for all the ordinary kinds 
of artificial light possess a superabundance of yellow rays. This 
preponderance is less marked in the case of paraffin oils and 
solid paraffin candles, the light of which, though far from white, 
is not so yellow as that emitted by burning ate^ne or ^low. 
By the side of objeets illuminated by direct daylight, which is, 
we know, slightly reddish, the light of a cimdle, though really 
yellow, may appear orange, while direct sunlight Itself may, by 
contrast, appear positively violet or blue. Now the general 
results of the yellow illumination of artificial lights upon 
coloured surfaces may be learnt by roforenco to tho table given 
above, but it may be interesting to give in fuller detail one 
particular and familiar instance of the sort of effect thus pro- 
duced. We allude to the strange effect of artificial light in 
alteri^ the colour of certain violet colours, and of blues which 
possess a tinge of violet. Take as an example the precious stone 
known as the amethyst. A good specimen of this mmeral 
presents by daylight almost the same tint as that of the flower 
of the violet, but at night, iUuminatod by lamp or candle- 
light, it loses much of its blueness, and acquires so distinct a 
reddish hue that it might be mistaken for a red garnet or 
carbuncle.' This change is due to the deficiency of blue m 
the artificial light, while ordinarily tho red of these stonw is 
annulled partially by the greenish-blue element of 
A similar instance of a change in colour has been observed with 
some sapphires. The saphir merveilleux in the Hope Collec- 
tion, South Kensington Museum, presents a clear blue tint by 
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daylight, but by candlelight it appears violet. Certain flowers 
show a still more curious property. The flowers of the viper’s 
bugloss {Echium vulgare) and of the marsh forget-me-not 
(Myosoiis palustris) are rose-coloured in the bud and when they 
begin to open, but afterwards, on fully expanding, become bluto 
as viewed by daylight. By artificial light, however, the change 
appears not to have taken place, at all events, to any great 
extent, since a spray of one of these plants thus seen by candle- 
light shows its buds red or rose-coloured indeed, but its fully- 
opened flowers are not blue, but only i>ink or a pale purplish- 
red. The difference between red and a blue verging on purple 
is thus partially annulled. So, also, as regards blues and greens; 
the ordinary green and blue pigments, with very few exceptions 
(c.g. aniline green), are hard to distingnish by candlelight. 
Those blues which verge on green do so, of course, by the special 
absorptive power which they possess for the yellow, orange, and 
rod rays, and their power of reflecting the green, the blue, and 
the violet. Kow, as candlelight is deficient in blue and violet, 
the green of those blue pigments then comes out in unusual 
force. Such serious changes are experienced by some blues 
under artificial illumination that it is often advisable to substi- 
tute green for blue in oolour-combinationB which are to bo viewed 
at night by gas or candles. The triad red — yellow — green becomes 
under such ciroumstancos superior in effect to tlie triads red — 
yellow — ultramarine blue, and crimson — yellow — Prussian blue. 
So yellow, to be seen well and effectively by candlelight, must 
incline towards orange or a golden hue ; but white, on the other 
hand, if it be meant to appear white, must by no means be 
tinted with a shade of b]ue, with the intention of purifying it, and 
neutralising the yellowness of the illumination on the material. 
This plan in daylight is effective, but by candlelight dulls the 
brilliancy of the white, by the absorption of certain rays of light 
which it causes. 

§ 4. A double illumination, where the lights are of different 
quality, produces some striking effects of contrast. Such 
effects ore often seized upon and reproduced, within varying 
degrees of fidelity, by those artists who delight in painting 
forges, candlelight scenes, and conflagrations. In order to study 
the oonditlons and effects of double illuminations, the following 
experiment may be mode. Place a sheet of pure white paper in 
such a position that it may bo illuminated at the same time by 
diffused daylight and by the light of a candle. Now arrange 
an opaque rod vertically, so that it may throw two shadows 
upon the paper. The shadow thrown by the daylight will be 
tinged with yellow, while that produced by the candle will be 
bluish ; the doubly illuminated surface being itself white. Now 
we have before pointed out (see § 3 above) that candlelight 
possesses a superabundance of yellow rays, and is therefore 
more yellow than the light of day. In consequence of this, the 
shadow of the rod, as cast by the light of the candle, and illu- 
minated therefore only by candlelight, appears yellow. Con- 
versely, as the light of day is bluish compared with that of a 
candle, the shadow of the rod as cast by the light of the day, 
and illuminated therefore only by daylight, appears blue. Of 
course the contrast between the colours of the two shadows is 
enhanced in accordance with the laws of contrast, as previously 
pointed out in Lessons V. and VI. Similar results are mot with 
every day in the case of objects illuminated at the same time by 
a natural and by an artificial light. The lamps of a church may 
illuminate some parts of the furniture and floor with a yellowish 
light, overpowered and contrasted in other parts by the appa- 
rently purplish light of day. A remarkable effect of this kind is 
seen when strong sunlight illuminates a room through a window 
partly screened by a yellow or buff-coloured blind. Hero the con- 
trast wd relativeness of the colours seen become very distinct. 
The light transmitted through the material in common use for 
blinds of this sort is of an orange tint, and it will be seen that 
the direct rays, escaping filtration through this medium, arc of 
a beautiful reddish-purple colour. More complicated effects of 
the same nature may be observed in the cose of stained glass 
windows. The simplest case of this kind that we can recall 
just now is, perhaps, that of windows glazed with a pale 
greenish gloss, but bordered with strips of white glass, when 
the latter will appear pinhish under some conditions of natural 
illumination. The effect hero is, of course, not wholly due to 
the proper or iutrinsio colour of the daylight, but to the effect 
of complementary contrast between the white glass admitting 
the natural rays almost unaltered, and the greenish glass which 


very materially affects them. But the most, magnificent and 
beautiful effeots of this order ore to bo watched in the pheno- 
mena of sunrise and sunset. When a range of distant mourn 
tains is seen against the sky about the time of sunset, the 
effects produced may be readily explained. If the sun be 
sinking behind the mountains, the shadows whioh it oasts will 
be illuminated moderately by soattored and reflected lights of a 
blue or bluish-violet hue, produced by the minute particles 
disseminated throughout the atmosphere. These hues will be 
to a certain extent real and objective, derived from the pecu- 
liarity of the light itself, and the colours of the objects and 
i surfaces whioh it discloses. If these objects bo grey, as many 
rocks, or white, as snow, then the blue or violet hue will be 
distinct, but it may be modified bytho local colouring of the 
; rocks or trees of the landscape. Still further, it will be changed 
or intensified by subjective contrast with the colour of the sky, 
, for the light from the sky will reach an observer modified by 
I its passage through a turbid medium, the air, and it will thus 
; be yellow, orange, or red, according to the amount of blue, or 
i more rofran^ble rays, which it outs off. So the sky near the 
j western horizon will often be of an apple-green colour, with 
clouds of greyish-purple edged with scarlet, all these variations 
I being produced by the decomposition of solar light by its passage 
through a medium whioh is not perfectly transparent, and the 
consequent conveyance to the eye, in varying proportions, of 
lights of higher refrangibility whioh have boon reflected, and of 
; lights of lower refrangibility, which, escaping complete absorj^- 
tion, have been transmitted. 

Hitherto we have regarded the colours of objects as they aro 
modified by the quality of the light whioh falls upon them. We 
I have to study in the next place the influence of the structure, 
I surface, and material of the objects themselves upon their 
apparent colours. 


MllSflNG AND QUARRYING.— III. 

By Oborox Giadstonb, F.C.S, 

COAL. 

DIFFERENT KINDS OF COAL — ^ANALYSIS — HEATING POWER — 
ILLUMINATING POWER — BORING FOR COAL. 

Although by far tho greater part of all coals consists of 
carbon, tho various kinds of coal possess very different quali- 
ties ; and it is necessary to keep these distinctions in mind in 
order to select tho most suitable description for any givon 
purpose. 

At one end of the series is tho anthracite or non-bituminoiis 
coal, and at the other extreme tho oannol, whioh is used for 
making gas and illuminating oils. Between these are several 
varieties more or less bituminous. 

Anthracite is principally met with in tho western portion of 
tho South Wales coal-field, and in Ireland ; but it occurs to a 
limited extent in other districts. , It is very hard and heavy, and 
b often called “stone coal.” The specific gravity b about 1*37, 
being about the heaviest coal known, excepting impure speci- 
mens containing a large proportion of mineral matter. Tho 
consumption b not very large, as it will not burn in open grates. 
It is used in some factories booause it gives off little or no smoke ; 
but it requires so strong a draught, and only bums at such a high 
temperature, that it b very destructive of the furnace-bars. In 
tho Swansea valley it has been used for iron-smelting, and on 
account of its general freedom from sulphur b very suitable for 
the purpose ; but even in the blast fumaoes it does not burn 
readily. The Pembrokeshire anthracite b highly prized by 
maltsters, to whom a ooal perfectly free from smoke and sulphur 
is most important. 

Tlie semi-bituminouB or steam coals oome next in order. 
They do not light up readily, but they contain a largo per- 
centage of carbon, and give out a groat deal of heat in propor- 
tion to their bulk. The best South Wales descriptions have 
also the advantage of making but little smoke ; but they are 
more tender, and will not bear shipment to hot climates so well 
as the Newcastle steam coal. The hard splint ooal of Scotland 
may be classed with these. In many places the latter b em- 
pWed by iron-smelters without being first converted into coke. 

The free burning or bituminous ooab are the most familbrly 
known. They bum brightly in an open stove, and are approved 
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as the best household coals. They give out a yellow flame, and 
a considerable amount of smoke, but do not produce so much 
heat as the preceding* They often cake together as they bum, 
and yield an excellent coke. 

The lost in the series are the cannel coals. They occur 
principally in the Scotch, Lancashire, and Flintshire coal-fields. 
Unlike other descriptions, anthracite excepted, they break with 
a conohoidal fracture, and more resemble an opaque blackish 
resin than a true coal. When set fire to they flare up with a 
whitish flame, and have been used as a substitute for candles — 
hence the name. The best descriptions of cannel are the 
light«»8t coals known in this country, the specific gravity of the 
Boghead being as low as 1*15, They are used in gas-works, 
being very rich in hydro-carbons. By distilling at a lower 
temperature, they yield paraffin, benzole, and illuminating oils, 
as well as a variety of other useful products. 

It may generally be put down that if boat be the object 
desired, the coal most suitable will be that which is richest in 
carbon ; but if illuminating power be required there must be a 
certain proportion of hydrogen in combination with the carbon. 
These are not the only considerations, however. No coal con- 
sists Simply of these two substances. There is always more or 
less mineral matter, which is generally useless, and often dele- 
terious. Sulphur is a very common ingredient. On examining 
minutely almost any coal, small specks or threads of a bright 
yellowish mineral may be detected, called hrasHm by the miners. 
They are pyrites, or sulphnret of iron. The worst pieces are 
picked out when the coal is brought to the pit’s month, but 
sometimes they escape notice. In an open fire they split with 
considerable violence, and are thrown out, or produce the dis- 
agreeable sensation of burning sulphur. In a close furnace they 
exercise an injurions effect on the iron- work and furnace-bars. 
Sulphur is still more objectionable in gas-works and blast-f amaocs. 
In well-regnlatod establishments, therefore, it is enstomary to 
analyse the coals, not merely for the sake of calculating their 
heating or illaminating power, but also to ascertain precisely 
the amount of sulphur they may contain. For use on ship- 
board economy of space has also to be considered, as well as 
heating power ; and a very extensive series of investigations has 
been made for the Admiralty, in order to determine which coals 
are best suited for Her Majesty’s steam navy. 

The following analyses, taken from the Admiralty lists, will 
serve as specimens of good steam coals, an anthracite being 
put at the bottom of the table by way of comparison : — 
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Ebbw Vale .... 


1-27 

89-78 

515 

2*16 

0-39 

1-02 

1-50 

Dulfryn . . . 


1-33 

88-26 

4-66 

1*45 

0-60 

1*77 

3-26 

Nixon's Merthyr 


1-31 

90-27 

4-12 

0-63 

253 

1-30 

125 

Oraigola . . . 


1*30 

84 87 

3-84 

0*41 

719 

0-45 

3-24 

Llongenneoh . . 


1-31 


4-20 

1-07 

2-44 

0-29 

6-54 

Average of South Welsh 

1-30 

87-73 

4*39 

1-14 

2-63 

0*94 

3-16 

Hoavrell 


1-28 

83-47 


1-42 

8*17 

0-06 

0-20 

West Hartley . . . 


1-26 

81-85 

5-29 

1-69 

7-53 

1-13 

2-51 

Buddie's West Hartley 


1-23 

80-75 

6-04 

1-46 

7-86 

1*04 


Hastiug’s Hartley . . 


1-25 

82‘24 

5-42 


644 

1-35 


Carr's Hartley . . . 


1-25 

79*83 

5-11 

1-17 

7*vS6 

0-82 


Average of Nevrcostle 

1-25 

181-63 

5-51 

1-47 

757 

0-88 1 

2-94 

Inoe Hall, Fomberton 1 

Lanca- 

1-27 

177-01 

3-93 1 

1 1-40 

5-52 

1*05 

1-09 

Bushy Park . . . J 

shire. 

1-28 '77-76 

5-23 

1-32 

8-99 

1-01 

569 





4-85 

1-27 

8-58 

0-91 

2-46 



:-27 179-85 

4-84 

1*23 

10-96 

0-72 

2*40 



1*20 

76*09 

5-22 

1*41 

5 05 

1-53 

1070 



il-24 

79-82 

5-83; 

,0-94 

11-31 

0*86 

125 

Bagillt, North Wales . 


11-27 

88-48 

5*62 

12-02 

0-86 

1*36 

1-63 

Welsh Anthracite . . 

. , 

11-07 

01*44 

3-461 

l0-2l! 

2-58 

0-79 1 

152 


Of the South Wales coal it will bo remarked that their 
speoifio gravity is high, that the first three are superior to tb© 
other two in quantity of carbon ; but that while the two lat. er . 
ore deficient in tWs respect, and leave too much ash, they have , 
the advantage in freedom from sulphur. Of the Newcastle 


I descriptions the Haswell gives the best results. Of the miscel- 
laneous list the Elgin appears the worst, having a low specific 
gravity^ and an unusual quantity of ash, which indicates a low 
I heating power. The £u^y Park, too, has an excess of incom- 
I bnstible matter. 

An analysis, however, is not sufficient of itself to settle the 
relative merits of different coals ; and accordingly an experi- 
mental boiler was set up in which they were practically tested. 
The following are the average results arrived at*— A being the 
number of pounds of water evaporated by one pound of fuel ; 
B the number of pounds of water evaporated per hour; C 
the number of cubic feet occupied by a ton of coal; D the 
per-oentage of largo cools : — 


Coal. 

1 A. 

B. 

C. 

D. 

South Welsh 

9-05 

448-2 

42-71 

60-9 

Newcastle . 

8-37 

411*1 

45-30 

67-5 

Lanoushire . 

7*94 

447*6 

45-15 

73-5 

Scotch .... 

. 1 7*70 

431*4 

40-09 

73-4 

Derbyshire . . . 

. 1 7’58 

432-7 

47-45 

80-9 


From these figures it appears that the South Wales coal is best 
in rospeot of evaporating power, but worst in point of durability. 
The last column is of parrionlar signifioanoo when coals have to 
be sent out to distant naval or mail packet stations, as they 
frequently lie there for many months exposed to the weather, 
daring which time a tender coal will crumble away so much as 
to be almost worthless ; the result being that it either chokes 
up the furnaces or passes through the fire-bars before it is 
entirely consumed. 

In dealing with the cannel coals, the principal points to be 
considered by the analysts are, the amount of volatile matter, 
and the freedom from sulphur. The following arc speoimena 
of some of the best from the Scotch coal-fields 


Cnsel COAI. 

per Cent. 

j Sulphur 

I per Cent. 

Boghead (brown) 

71-06 

0-24 

Do. (black) 

62*70 

0-85 

Torbanehill . 


67*11 

0-33 

Lesmahago 

(Auchinheath). 

56*23 

0-65 

Do. 

(Soutlilleld) . . .| 

49-34 

1-35 

In actual product of illuminating gas, somo 
English and Scotch coals may be onumeratod :■ 

of tho principal 



' Boghead 

15,000 cubic foot of gas per ton. 

Scotch. 

Lesmahago . . 

13,500 


i Cnpeldrae 

14,400 



V Weniyss 

14,300 


Lancashire. 

Wigan 

. 11,400 



/Felton 

. 11,600 



i Pelaw 

. 11,500 


Newcastle. 

•v Pelaw Main ... 

. 12,400 



1 Gosforth .... 

. 10,000 



\ Dean’s Primrose 

. 11,100 



We must now turn to the various operations connected with 
coal-mining itself — an industry which, for many obvious reasons, 
when it is remembered that at present this country is the chief 
coal-producing country in tho world, must always be attended 
with peculiar interest to English readers. To the coal that 
lies in such vast masses under tho surface of onr soil must bo 
attributed the chief share in raising our importance as a 
nation to its present height, for without it wo could never have 
attained tho eminence we now possess as a manufacturing 
country, or have been able to nriliso other valuable sooroes 
from which much of onr wealth is derived. 

The first step is to explore the ground, in order to ascertain 
what seams there are, their course, thickness, and whether 
disturbed by faults (or troubles, as they are often called by tho 
miners). Upon a careful dotermi’iation of those points muck 
of the future success of the colliery depends. In hilly districts, 
oi* whore’ the strata are very highly inclined, the seams may bo 
sometimes traced at the surface, and a very slight excavation 
will be sufficient to enable one to oalonlate the angle of dip of 
tho beds. So far the investigation is easy enough, but it does 
not follow that it continues uninterruptedly, or in tho same 
I)jane through the tnountain. In the more ordinary iustanoea 
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the coal seams are some distance below the surface, and thej 
can only bo mapped out by an elaborate system of borings. 

Fig. 6 is an imaginary section of a coal property. The strata 
have a general dip from east to west of about 1 in 5 ; but the 
position of the coal seams, represented by the letters a, b, c, d, 
has yet to be ascertained, in order to determine whether ^ey 
are worth working, and which would be the best point for sink- 
ing the shaft. A trial by boring might be commenced at No. 1, 
and at a depth of say forty fa^oms the double seam A would 
bo pierced through. Cslo^ting the dip at 1 in 5, this seam, 
then, should crop out at the surface at about 200 fathoms east 
of No. 1. In order to make pretty sure of cutting the same 
seam again, allowanoes must 1 m made for any difference in the 
level, and for broken ground at the surface, so that the next 
boro would be made at a somewhat less distance, say at No. 2. 
This one realises the expectation of the borer : it outs the 
double seam A near the s^aoe, and p a 

at about sixty fathoms it comes ^ ^ 

upon another seam, B. The ground \ \ 

is thus proved to be regular between \ \ 

those two borings, and b may bo in- \ \ 

ferred to pass under No. 1, at a depth \ \ 

which can be easily calculated. A \ \ 

third boring would then be com- > 

menood at 3, with the expectation 
of cutting B near the surface ; 

but here the workman is disap- \ 

pointed, and ho bores down for 

about sixty fathoms, when he comes Fig. 7. 

upon a thick coal seam, c, evidently 
a different one from either of the 
others hitherto discovered. He 

knows by this that there is a dislocation somewhere between 2 
and 3. Again he tries at 4. At first he passes through rook of 
tho same character as that overlying o, but suddenly it changes, 
and he finds himself again in imknown ground ; but boring on 
he comes to another double seam, d, apparently not tho same 
as A, the size of it and the naturo of the accompanying rock 


five fathoms lower than at b, and at o la only four fathoma lower 
than at B, the boringa being at 100 fathoma’ distance from ono 
another ; extend the line b o to D. Then as the difference 
between the respective depths of b and o (four fathoms) is to 
the distance between them (100 fathoms), so is the difference 
between the depths of b and a (five fathoma) to w, a, point cm 
the line bod. As 4 : 100 : : 5 j a or 125 fathoms from b. At 
e, ilien, the depth will be the same as at a ; a line joining theae 
two will be upon the level or plane of stratifioation, and the true 
dip will be at right angles. 

It is the object of the borer so to arrange his work as to gain 
as much information as possible without going to a great depths 
as the cost per fathom inoreases rapidly as you go deeper. One 
boring of eighiy fathoms is more costly than three of forty 
fathoms each. 

The tools employed, and mode of working, must now be de- 
scribed. The ordinary cutting in- 
_ strument is a chisel of the best hard- 

.. ened steel fixed to an iron rod which 
lengthened indefinitely by 
yy screwing on other rods as required, 
/ each joint being provided with a male 
/ screw at one end and a femide at 

/ the other, the top joint of all having 

L ^ through which a oross- 

\ jT / bar is passed. The workmen take 

/ the orosB-bar and go round and 

/ round, by which moans the ohisel 

\\ / gradually outs away the stone, and 

^ / the rod sinks deeper and deeper in 

Y the bore-hole. At first the work 

is light, but with the addition of 
fresh joints the rod becomes veiy heavy, and the pressure has 
to be eased. For this purpose a pnUey is fixed above the head, 
and a rope, attached to a windlass, is passed over the pulley 
and fastened to a ring in the head of the rod. This machinery 
also comes into requisition in drawing the rods, which has 
be done periodically, in order to ascertain tho nature of the rook 



both being different. He tries again at 5, and outs the seam d 
at a lower level than he ought by oaloulation, while, it will be 
observed, he has missed o altogether. These five borings, 
then, will not bo sufficient to enable the borer to make a 
complete section of the strata, but he has, nevertheless, ascer- 
tained the principal features. Having straok D twice, he oan 
oaloulate where c will be found between 4 and 5. He has 
proved that in the neighbourhood of 4 there is a downthrow 
of about twenty-five fathoms, though he does not know the 
precise angle of the fault. In like manner he knows that there 
is another somewhere between 2 and 3, but he has not aaoer- 
tained its exact position or extent. Of the position of the 
seams o and D, to the west of this fault, he knows nothing at 
present. Fraotioally the explorer usuidly gets a good deal of 
nit'ormaticm from a study of the sections displayed in neighbour- 
ing collieries ; and thus he may be able to oomplete the section, 
having by his own borings established so many points. 

In the preceding instance, the plane of the stratifioation or 
Uno of dip is supposed to have been already known. But 
that has often to be ascertained, which is done by making the 
third bore at such a point as will form with the two others an 
equilateral triangle (see Fig. 7). Suppose'the ooal seam at a is 


which the bore is passing through. The sludger is partly hollow, . 
and has a valve in the lower part, opening inwai^s, which re- 
ceives the mud produced by the grinding of the ohisel, and is 
thus brought to the eortaoe. Ihe samples thus poriodioaUy 
brought up are carefully preserved in bottles, and their depth 
reoorded, experienced borers being able to tell from the appear- 
ance of the mud the oharaoter of the different strata they pass 
through. When approaching a coal-seam, this has to be con- 
stantly attended to, as it is only thus he oan measure the 
ness of a seam when he oomes to one; and without determining 
that point aconrately his explorations would be of little value. 
There are chisels and other tools of different shapes which are 
found necessary at times ; and sometimes, especially in deep 
borings, the rod is liable to get bent or broken, in which case 
other implements have to be used to extract it, occasionally a 
matter of no little difficulty. The rods are usuaUy made of the 
best tough Swedish iron, about an inch and a quarter in dia- 
meter, the edge of the cutting chisel being about three indhes 
wide. The rc^s are made of uniform length, so that they serve 
as a measure of the depth of the boring. 

The coal-field being thus tested, the next article will proceed 
to describe the plan to be adopted in opening out the mine. 
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Fig. 86. 


THE STBAM-ENOINE.— : 

Bjr J. H. Wxoiris, B.1. 

SHatW-NOK-OOKBSimXBra SKaXNl-OOITBLB- 

CTLXKD8B SNaqra— BOBZssoNTAii Bnauras. 

engine whioh we hate deeoribed and figtcred in the last 
»rtiole> thongh not of the fom most oommonly emplojed, may 
be taken as thebeet^iype that oonld be ohoaen 
to eidiibit the general prineiplea on which all 
engines aot ; a^ for reason it was de- 
eoribed drat. In the present paper we propose 
to eon^der iim prinoi]^ moAdcatois of this 
type whioh are int^noed into stationary 
lend engines. Marine engines and looomo- 
tires will be notioed in a snooeeding paper. 

In this engine the piston, it be ob- 
eenred, is moved in both direotionB hy the 
force of the steam, whioh is admitted alter- 
nately to either e^ of the oylinder. It is 
therefore known as a doable-aotiiig engine, 

:and nearly all enginea are thus made. 

In a few oases, however, the steam is only 
made to force the piston in one direction, and 
4i oonnterpoiae is affixed to the other end of 
the beam so as to draw the piston back again 
to the end of the cylinder whioh it origi- 
nally started. This was the kind of engine 
(first introduced, but it has now quite gone out 
•of use, except in a few special oases in whioh 
nearly all the work has to be performed while 
the piston is moving through the cylinder in 
•one direction. 

Many large pumping engines are of this 
olass, and these are ofto required for raising 
water to su^ly towns, or in mining districts 
to keep the adnes dry by removing the im- 
anense quandties of water whioh 
find their way into them from 
land springs. 

In the latter case a series of 
oistems are placed in the sbsit 
of the mine above one another 
at intervals of about thirty feet, 
and a pump forces the water 
from each of these into the one 
above it. These pumps ace 
naually made with heavy solid 
plungers whioh are raised by ibe 
•engine, and then fall by their 
own weight, thus forcing iq» the 
water. In. this way all the strain 
on the engine is during the in- 
terval that the pump-rod, to 
which all the plungers are at- 
tached, is ascending: a single- 
acting engine, therefore, will 
answer every purpose. 

Fig. 85 gives us a sectional 
Ti^ of an old form of engine of 
this class, and diows its action. 

The beam-ends here axe arched, 
and the coda oonneotedby chains, 
this being the usual plan before 
tbe invention of Watt’s ** parallel 
motion.” After the description 
'of the double^wting engine in 
our last papar, the way in which 
fiMs is driven by the steam will very easily be understood 
without any leng&ened description, t. represents the pipe by 
which the steam enters fnim the boiler, and when the valves 
are in the poaitloa shown in the fignre it acts directly on the 
apper side of the piston, foeoing it down, and thus raising the 
Pamp-rods and the oounterpoiae q, whioh are attached to the 
other end of the beam B B. 

All tha fslveeara tappets, and are attached to the valve-rod 

ao that they all move simultaBeonsly. The rod d is jointed 
aear its centre to a bent lever d c k, hinged to a support at 

the end k la .made into a ring through which the iiqq^tod 



F paasee, and the tappets h and a oB this move the lever at 
the right moments. There are three valves on the valve-rod ; 
the upper one, m, regulates the entry of the steam to the 
upper end of the oylinder ; the lower one, o, governs the oom- 
munioation of the lower end wilh the oondenSer, n; wh0e the 
middle valve, n, serves to establish a communication between 
the two ends of the oylinder, and it known as ^ equilibrium- 
valve. In the ^ition shown in hi open, so ' 
that the steam is pressing liie piston down ; 
o is also open, and through it tlm lower end 
of the oylinder oommunioates freely with the 
oondenser. When the down stroke is nearly 
oompleted the valve-rod is lowered by meana 
of the stud b. The result of tlds is that m 
and 0 are both closed, so that the cylinder is 
now out off from both boiler and oondenser. 
The equilibrium-valve n is, however, opeued, 
and by means of this a free passage is made 
for the steam to pass from the upper end of 
the oylinder to the lower. By this all steam- 
proasnie is removed from the piston, and it is 
left perfeetiy free ; the weight of ihe -rods 
and counterpoise, therefore, raises it again to 
the top of the cylinder. In doing this the 
valve-rod d is ra^d by the lower tappet, and 
thus the steam is again allowed to act on the 
piston, and oanaes it to make another descent, 
and in this way the motion is sustained. The 
weight of Q is, of course, made to bear a due 
proportion to that of the piston and rods ; in 
some oases the rods are quite heavy enough 
without any counterpoise at sll, and it is then 
dispensed ^th. No fly-wheel is neoessary in 
this ease; it would, in fact, be a hindrance 
rather than a help, since the action of the engine 
is not unifonn, nor is it required to be so. 

Though single-acting engines 
are frequently used for pumping 
purposes, we must not imagine 
that none but those are so em- 
ployed. Many of the better 
pumps are made double-acting, 
so that the water is raised during 
each stroke of the plunger, and 
wi^ these a double-acting engine 
Is, of oourse, required. A fly- 
wheel Is, however, mmeoeasory. 
■inioe thm is no special need for 
any unfformity of motion. Some 
ti the largest engines in the 
world are those used in Cornwall 
fbr drainage purposes in oonneo- 
Ifam witii the extensive mining 
opmtiona oarried on in that lo- 
cality. In these engines, as a 
rule, economy of fuel is oarried 
to the greatest extent possible. 
This pi^y arises from the phm 
already aUuded to of regktering 
and publishing statements of the 
work aooomplished by each engine 
as compared with ^e fuel em- 
ployed, and partly from the fact 
that they are worked with steam 
at a very high pressure, and ont 
off at an early part of the stroke. 
This, of oourse, produces some 
irregularity Is the movement, but with a pumping engine this 
is by no means material. 

Both the engines we have described are condensing, or, as 
they are frequently called, low-pressure engines. The iatter 
term, however,, is not striotly aoenrate, sinoe condensing ettidses 
are very frequently worked with steam at a high pressure. The 
strict divislfm is into condensing and non-oondrasing engines, 
but the other terme are frequently used, and if we btar in mind 
that thqy are used almost synonymously no inoonvenienoe wOl 
arise. 

Considerable saving is, as we have seen; effected by the use a/ 
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• oondesiir^ flaoe nmtlf tbe full pteiiiixe of tbe tteam if imtm» 
mittod to tbf working beam, and thna to the maokinerj. Tho 
adTantofO prodnoeA Howeyer, ia not all dear gain, e^oe tke 
oondenaor litb iti attendant pumpi ooonpief much apace, 
and thna a^ oonaiderably to the prime o<^ of the ens^. 

jhie, too, a certain portion of the power of the engine 
ia oonanmed in imparting motion to the cold water and air 
' pnmpa. 

In many oasea the q;>aoe anilable for an engine ia bnt limited, 
and then tiie additional room required for the condenser and its 
I acraagementa is a aeiiona drawb^k. Hence we find that yery 
often this part of the engine ia. entirely omitted, and the steam, 
instead of passing from ibe exhaust into tbe condenser, is allowed 
to escape directly into the air. The first consequence of this is 
dearly a considerable loaa of power, for the exhanst side of the 
piston ia now expoaed to the air, which thus ia allowed to exert 
Ita full foroa on the aide of the piaton opposite to that on which 


I snr^. In theae oa^ the ateam firat entara tbf high*pteaaaffe 
I cylinder, and hating aooompUahed ita work there, 
i through the exhanst io the otto oyUnder. This latter ia fitted 
' with a oondenaer, and thtm the atoapi as it leayea the firat ha» 
quite anffident foroe to work tihe jfiaton in the aeotmd. Eig. 86> 
representa ona form which ia aometimea giyen to an engine of 
thia oonitmotion. The high«preaaiire cylinder here ia firmly 
aeonred to the coyer of the o^r, and ^c aieam paaaea from 
the exhanst to the yalye-oaaing of the lower cylinder by p4»e 
seen behind it. Sometimes both pistons are fixed on to aaae 
rod, a well-made staffing-box being placed between to oylindera. 
This is, howeyer, yery awkward to get at when placed tos,aBd 
to obyiate the difficulty, two piston-rods are often fixed to to 
lower piston. One of ^ese passes on eaoh side of the upper 
j cylinder, whioh is of amaUer diameter than the lower, and atoa 
i it there ia a cross-head to whioh all three piston-rods are fixed,. 
I and this imparts motion to to beam. 
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the sieam is pressing, and this foroe has to be oyercozne before 
the piston can be moyed. The working foroe, therefore, is only 
the excess of the iteam-pressnrc oyer tot of the air — tot is, a 
deduotion of nearly 16 pounds per square inch has to be made 
from the pressure of to steam when oalonlating the actual 
power produoed. 

It ia dear from thia tot in non-condensing engines steam 
smat be employed at a higher preaanre thiui is required in 
one tot has a condenser. The least pressure tot will auffioe 
ia about 20 or 22 pounds, and nearly always it is considerably 
^reatar than thia, for as the presaure increases the propor^onal 
loss canaed by the opposition of to air becomes less. In 
most ina tpm oe a , . howeyer, the smaller balk and greater con- 
yenienoe of a non-oondetong engine render it the most ad- 
yaatageoua form. Ihe steam, when it escapes from to exhaust, 
is, howeyer, <tftea utOiaed in some way so as to prevent to 
total loaa of to heat which is stored up in it. Sometimes it ia 
omployea to warm to feed-water, or to heat a diying doaet, or 
in many other ways. 

Borne large eagiaeo are now oonatmoted with two oylinden, 
OMcf wUehiawotodata higli, and to ator ala low pm- 


I The rods whicb work to slide-yalyea are likewise joined to m 
small oroas-head placed above them, and thna both are worked 
aimulianeously. In to engine here shown, two preoiael^ similar 
.vaJvea are uaed, but in other forma to airangementa are so 
modified that a single oomponnd valve governs to supply of 
the steam to both oylindeom. 

There is aome diversity of opinion respecting to action of 
double-cylinder engines as oomiMu^d with those whidli have but 
one. At to New Biver Wateiworka near London, two engineer 
were erected some time ago of to same power, but one fitted, 
with two cylinders, and to other with only one. The perform- 
ances of these were oarefnUy noted, and it was fonnd that, 
with a given expenditnre of fuel, aa nearly as poaaible to same' 
amount of work was performed by each. Thna it would seem 
difficult to say which of these olaaaca of engine ia the mote* 
economical and satisfactory in fta action. 

The engines we have figured and deaodbed hitherto have all 
had a working beam, and this loem ia very fre^umitly given to 
large stationary enghiea. It will, iM^waver, at once be seen tot 
in many cases an engine of this oonstruotion would be qto in- 
adatiaaible, ainoe a large Mnooit of reon ia ompM by it| and 
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H ouiaot b« iB0T«d at aHiroBi piMe ib Beflldat tfaif, 

in ft sbmII the fom eiQMBded in miMiig the beam 

would be a seiScmf wnete ; hence in moot engiM it is altogether 
dispensed witia In tboee whibh do not ebndenie H&e steam, a 
cold- water puasp is manifastlj nniieoesaary» and we have, there- 
fore, only to make some arrangement by whiioli the piston shall 
impart motion directly to the fly-wheel withent the intervention 
of the beam, and also to provi^ for the boiler being duly fed 
with water. 

Occasionally the fly-wheel is anpported directly over the 
cylinder, a cross-head is then attached to the piston-rod, and 
made to move between guides so as to keep it in a perfectly 
vertical position, and a connecting-rod joins this to the crank. 
This is known as a ** crank-overhead engine," but is not very 
generally used. Its great advantage is the little ground-space 
it occupies. 

The most usual plan is to have the cylinder horizontal (Fig. 
87), and fixed to one end of the bed-plate of the engine, while 
the axis of the fly-wheel is at the other end. The fly-wheel is 
then by the si^ of the bed-plate, and a slit is frequently out in 
the floor to receive its lower portion. Here, as in the en^ne 
just described, a cross-head is fixed to the piston-rod, and sUdos 
between parallel slots in guide-plates secured to the bed, and 
thus lateral strain on the piston-rod is avoided. The connecting- 
rod is jointed with a pin to the cross-head, and by this and the 
crank the fly-wheel is put in. motion. The eccentric is fixed, 
as usual, on the axis of the fly-wheel, and, by means of a 
rod, moves ^e slide-valve, and thus regulates the supply of the 
steam. 

Tho governor balls are placed on a special support, and are 
driven by an endless band and a spur-wheel. The whole engine 
is, as will be seen from the figure, very compact. The smaller 
sizes ore usually made with aU the parte firmly fixed to one solid 
bod, and all that is requisite is firxnly to secure this to the con- 
crete or masonry on which it rests. Sometimes a feod-pnmp, 
driven by an eocontrio or crank, is fixed to the engine ; but in 
many oases, especially where a number of small engines are 
driven by steam derived from one boiler, some other plan is 
adopted, and not unfrequontly a small steam-pump is provided 
specially to supply the requirements of the boiler. 


PRACTICAL PERSPECTIVE.~~VITL 

Figs. 39, 40, 41. — The object of this study is a block of four 
stono steps, with a wall at each end carried up to the height of 
tho upper step. 

Of this object, Fig. 39 is the plan and Fig. 40 the end eleva- 
tion — tho wall in this being supposed to bo transparent, so that 
tho exact position of the steps beyond it may be seen. 

Having found the vanishing-points and measuring-points, 
according to tho angles at which the plan is placed, it is advis- 
able, in the first place, to put into perspective the entire block, 
out of which tho whole object is, as it were, hewn. 

The student who has followed the course of lessons on Pro- 
jection will have no difficulty in tmderstanding that the end 
elevation A c d d would stand on the line A o of the plan, the 
line A D standing npright in A. Therefore at a' in Fig. 41 draw 
the perpendicular A^ D, and from a' and d draw lines to vanish- 
ing-point VPl. 

From X' set off A' (f equal to AO in Figs. 39 and 40, and 
from cf draw a Une to mpI, which, cutting a'vpI in c, will give 
the place for the distant petpendionlar e d, and this will com- 
plete the general form of the end elevation. 

On the perpendicular Af d mark off the heights of the Steps — 
viz., 1, 2, 3 — and draw lines from these points to tpI. 

From a' set off on the picture-line the lengths 1, 2, 3, repre- 
senting the widths of the treads of the steps, and from these 
points draw lines to mpI, cutting a'c in T, fl', 

At 1\ 2^ and S' erect perpendiculars, mcHBiing the lines drawn 
to vpl from 1, 2, 8 on a'b, and these interseoting trill give 
the inner and outer angles ^ the s^ps, r, o, B, i, j, x. Kotr 
from a' b and d draw lines to yp 2 (this vaniahing-petot is not 
shown in the Blots, owing to want of qiaoe), a' set off 

on the piotofl-line equal to length a B in the plan 
89). 


At b draw the perpendlouhu* b e, and from s draw a line U 
vpl, cutting the line drawn from d to vp2 in// this win oona 
plate the general block. 

From A' set off a' f, and from s' set off B* it, equsl to the 
thickness of the wail-Hihown on the plan. 

From V and w on the picture-line draw lines to iip 2, cutting 
a' 5 in and f'. 

At e' and F' draw perpendicnlars, catting B s in o and H 
These will give the inner edges of the walls. 

From K draw a line to ‘vp2, which wiU give the edge of tho 
top step ; and from a and B draw lines to VPl, cutting x in m 
and n. 

From I draw a line to vp2, cutting b' a in this will give the 
front of the lowest step. 

From g draw a line to tpI, and from f a line to yp2 ; these, 
interseoting in h, will complete the tread or upper sukaoe of 
the lowest step. 

I At h draw a peipendionlar, and from g draw a line to tf2, 
intersecting the perpendicular h in t. This will give the rise or 
front of tho second step. 

Froxn t draw a line to vpI, and another from H to vp2 ; 
these lines will intersect in j, and thus oompleto the second 
step. 

From j draw a perpendicular, and from i a lino to vf2, cut- 
ting the porpendio^r j in k. 

Prom k draw a line to vpI, and from j a line to vp2. These, 
interseoting in Z, will oompleto the third step ; and a perpen- 
dicular, uniting m and Z, will complete tho projection. 

Exercise 23. 

Scale, J inch to the foot. Height of spectator, 6 feet ; distance, 

I 18 feet. 

I A plane square, tho side of which is 8 feet, lies on tho ground-plane, 

’ with one angle touching the picture-plane at 6 feet on the left of tho 
^ spectator ; its sides recede at angles of 55** and Qive the per- 
spective projection of the square. 

Exercise 24. 

Bopeat tho previous exercise, hut show the figure divided (as for a 
draught-board) into 61 squares. Colour the divisions alternately. 

Exercise 25. 

Scale, J inch to the foot. Height of spectator, 5 foot; distance, 
15 feet. 

Put into perspective r cube, when one of the edges (4 feet in length) 
touches the picture-plane at 6 feet on the loft of the spectator, and 
ito sides recede at 45’=’. 

Exercise 26. 

In the same picture, at 5 feet on the right of the spectator, pnt into 
perspootivo a cubical figure 4 feet square at its base and 9 feet high, 
when one of its edges touches the picture-plane, and its sides recede 
at 50® and 40°. 

Exercise 27. 

The scale is | inch to the foot, the height of the spectator is 6 feet, 
and the distance 18 feet. 

Put into perspective the divided vertical square shown in Fig. 15 
(Yoh 1., page 305), when its plane is at 50° to the pioture-plane. 

*«* The student is reminded that the lines which in the figure 
referred to are drawn to the centre of the picture, must in the present 
exercise be drawn to a vanishing-point on the right side, and ^t the 
lines drawn from x j and x>, instead of being drawn to the point of 
distance, must be drawn to the measuring-point. 

Exercise 28. 

All the conditions being the same as in the last exercise, put into 
perspective the object shown in Fig. 16 (Vol. I., pege 865), when the 
plane of the square side ia at 40° to the plane of the picture. 

Exercise 89. 

Scale, ) inch to the foot. Height of the spectator, 6 feet; dis- 
tance, 18 feet. 

Put into perspective the cross forming the subject of Fig. 24 (Yol. X., 
page 388), when the point o' is on the picture-line at 6 feet on the left 
of the spectator, and when the sides ctf the oontoiniDg pacallelogxam 
o'a and m recede at anglee of 80° and 60°. 

Eisrcxsb 80. 

Scale, height of spectatorv and distanoe the same at in the last 
exercise. 

Pot into perspective the block of steps shown in Fig. 88 (Yol. I., 
page 384), when the point » is at 7 feet on the left sf ^ spectator, 
and when the object has been so rotated that the 1^ 8 X seos^ from 
the pictore-plaae at 50°. ' 
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Bffttftmbfir tlutt tlia diitaiiott I', S'* a" (7if. SS) fooad oentrt of tlM piotm M at o, and dnvir tha perpandieiilaa 

by meaiM of the ineMuiing-poia^ iattoad of tha poimt of diitoiiM, aad fzom it for tha Una ol dfaealioii. Xt will ba ramambered tbaa aa 
that all Hum which aie pwallol to omAi Other in ^ otjeot oonmga to thie line r(qptoaaiifa oot only ilia diraotion of the central ray, 
the aame point. hut tha diataaoa ol the apaotator aa w^ ita leaffth will be the 

Tlieotdeotof thenextsMrhtbaMiiMMibidiinFig. 83— Mme ai that batWMB the ew(M of tt* piotim and thfl point ot 
rlz., a pytamidical roof, raatiac ^P<n fow aqpaN ^aia. diatanoe ia Kf. 88. 



In the pieiant case, howoTar* tha otjaot ia placed ao that ita 
cidoa are at oortain anglea to the idane of the piotore, whilst in 
Fig. 33 they were either parallel or at right angles to it. 

Fig. 42 ia a portion of the gnrand^plan, to ahow the anglea at 
which the objeot ia placed in relation to the picture-plane. 

The height of the apectator and the diatanoe in Fig. 43 are 
the same aa in Fig. 33. 

Haying drawn tiie piotoe-lino and the horiaontal line, place 


At ita lowor extremity, e (not ahown in Fig. 43), draw a Una 
parallel to the piotore-Une} and on it, on each aide a, oon* 
stmot anglaa aimilar to the angles n Ah and o' a e in Fig. 42 1 
prodnee the lines forming the angles until the&ont the hotl*^ 
xontal line, The taa n iah in g points 1 and 2 (not iSown for WaPt 
of spaoe) will thus be obtaii^ and from these, with the lenj^ 
ext en d i n g from the yaalahiiig^poihta to the et^^ 
meaen r ing-pointe may be marked on the horiaontal line. 
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Tbese ’pniboBhaaim Mug fetUed, plaoe tlM poliit V at tha Ptoduoe the perpendioalar A^l uitilitzaadiea o, the distance 
reqiiiired distenao on the left or right of "the line of dixeotion, > o reprasentiiig ^e real height of the pyramid, 
and fxom It draw lines to the TanMing-pointB> Kow from r, the intorseotion of tlie diagonals in the plan, 

On eaeh side of Af mark off a^b and a' </, and from b and cf erect a perpendicular, and from o draw a line to the vanishing- 
draw linea to the nisasunng-pQinta, enttingihe linea a^t, a' yin point for the diagonal, catting the perpendicular y in h ; then 
h and c. B ia the penpeotave height A the pyramid. Draw b b, bh, 

From h and e draw lines to the vanishing-points, oatting oaoh and n b, whi<^ will oomplete the pnjeotlon. 
other in x>« 

Then a' b d e will be the bonndary of the plan. EzbBozsb 81. 

On each aide of a' aet off i and j equal to the tnie width of Scale, } inch to the foot. Height of spectator, 6 toots dlatance, 
the piera, and act off the aame width k and i. on the inner aide it toot. 



of b and &. From i, J, B, and L draw lines to the measnring- 
point as far as the ^nnd^ of the plan, and thence oontinne 
them to the Tinishing-points. These, crossing, wiU give tho 
ground-plan of the piers. 

Before the figure baa become too intrloate, draw diagonals in 
i^ and produce the diagonal A' D until it meeta the horiiontal 
line in y x>, the yaniahing-point for the diagonal, the uaa of 
which win be pr ese n tly seen. 

At a' erect a perpendicular equal to the full height of the 
piers, and from its extremity, B, draw Imea to the vanithing- 
pointa. 

Brom h and c ereot perpondiciilavs, oatting the Unea last 
mentioned in x and w, and from theae points ^w lines to the 
opposite yanisldhg-p<^ta ; these will eomplete the per^peetire 
view of the und^ side <ff-ihe pyramid. The petpemtieulara 
oomidetingthe piers are to be drawn from the req^eotlTe polnia 
in the pla^ aa ahown In tmacal prerioBS stadM. 


There is a s t r oc t u re, ooaslstiiig of— 

1. Four piers, 1 foot sqcere at base, and 12 toet high, fomisg 
angle {tiers at a plan 8 feet square. 

8. A slab 8 feet square and 1 foot high, retting on the piers. 

8. A pyramid 8 feet iquare at Ite base and 5 feet high, testing on 
the equare slab. 

The edges of the pyramid and slab are parallel to the sidee of the 
square forming the plan. 

Put this obiect into peiepeotiTC when its sides are at and 55^ to 
the picture-plane, the nearest angle being on the picture-line, at 6 toet 
on the right of the epeotator. 

EZBBCZ8B 82. 

The seller height at spectator, and distance the same as in the last 
ezereioe. 

Put into perspeotiTe the earns object when placed at 5 toet on the 
right of the spectator, and when stimding cm a block of stone 8 feet 
sqnsm at base and X fM hifli. 
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WEAPONS OP WAR.—IX. 

BT AN OrtlCXB or TSM BOTAL AB^ILLSBY. 

BI7LED OTTNa 

Tfix iiiflmttiiifir 0 T«r-ftofeiT 6 tendeiiQj to multiply tho do- 
itvootiro effects of ftxe-Amii, by ittoteaeing their range and 
precifion, and by snppiying them with projectiles more and 
more deadly and irresistible, natnzally operate to recommend 
the oonrersion of the nnooth-bore gnn into the rifled gnn, 
jnst as it had oansed the mqyersession of Brown Bess by the 
Bnfleld rifle. Indeed, it may be said that the introdnction of 
rifled small arms rendwed it not a matter of choice but a matter 
of necessity for the artilleryman to develop the weapons of his 
craft in the same way, and, as far as possible, in the same degree. 
If artillery was to hold its place at all, it must meet the Bx^eld 
and the IBni4 rifles with a field-piece as superior to those weapons 
as the old smooth-bore 9-ponnder was superior to Brown ^ss ; I 
and the device by which the infantry soldier's weapon had been 
rendered so much more powerful was naturally resorted to by 
the artillerist, to increase proportionally the power of his own 
partionlar am. We had got the rifled musket ; it was there- | 
fore necessary for ns to have the rifled gnn. We trust wo shall | 
not be misunderstood as wishing to aiflm that the rifled gnn I 
was first proposed after the introduction of the Enfield rifle, and in I 
oonseqnenoe of it. Such a statement would be promptly and pro- 
perly contradicted by antiquarians, who would point to occasional j 
examples of very ancient rifled guns; and by experimentalists, | 
who would remind us of Mr. Joseph Manton’s rifled G-pounder 
of 1790, of Tieutenant-Colonel Bundas's rifled gun of 1836, of 
the OavAlli gun of 1846, of the Wahrendorf gun of 1847, of 
Captain Norton’s experiments with rifled cannon, and many 
others. But the introduction of rifled small arms certainly 
gave an Impetus and eamestnass to the exertions to introduce 
a rifled cannon which had before been wanting, and experiments 
which had up to that time possessed only a sort of speculative 
and unoertain interest now became invested with a new power, 
which drew towards them the attention of the military world. 

Before prooeeding to enumerate some of the more remark- 
able devices for oommnnicating a rifled motion to the projeo- 
tiles of oannon, it may be well to say a few words as to the object i 
of rifling a gun. What is rifling intended to accomplish f \ 
What do we gain by it P To this the first answer will perhaps 
be, We gain the power of firing an elongated instead of a 
sphoriosl projeotile. But this answer would bo in part in- 
correct. It is true, but it is not the whole tmth ; for wo may 
remind our readers that the first rifled small arm in use in the 
British service was, as stated in a former paper (Yol. I., 
page 65), the Brunswick rifle ; and the Bmnswiek rifle threw 
3 ot an elongated but a spherical bolted ball. The first object 
rifling a gun or small arm, then, is to obtain rotation on 
j fibced axis. This object is equally aimed at whether the pro- 
jectile to be fired be spherioid or elongated. In the oaao of 
the spherical b^ the rotation upon a fixed axis gives inoreased 
aoooraoy, by eliminating in great measure the errors duo to the 
eooentrioily and irregnlari^ of the projeotile. Projectiles 
cannot in practice be made absolutely and uniformly true as to 
concentricity, weight, and form, and any departure from abso- 
lute truth in thm points is attended in a ball fired from a 
smooth-bore piece with a corresponding loss of accuracy. But 
if a fixed rotatoiy movement be oommnnioated to that ball, the 
unoertain rotation due to the position of the centre of gravity 
will disappear, and with it one source of error; while the inaccu- 
racy due to any irregolArities of form and smrfaoe wiU bo 
greatly diminitiied in oonseqnenoe of the pressure of the air 
being more equally distribute around the projectile, the posi* 
tiott of whion in reference to this air is constantly changing. 
So that when a spheriosl ball is fired from a rifle piece we 
get at once greater aoonraoy, and this is an advantage which 
belongs to rifling, whether ekmgated projectiles be employed or 
not. But rifling is more valuable as rendering possible the use 
of elongated projectiles, with all the advantages which flow from 
their employment. Why cannot elongated projectiles be fired 
lri>m smooth-bored gnus P Beoanse of the pressure of the air 
acting upon them unequally, and oansing them to turn over in 
flight ** If the centre of gravity eff the projectiles be very far 
forward, it is possible,” says lientenant-Oolonel Owen, in his 
admirable ** M^em Artillery,” **to fire them from smooth-bore 
guns at tiiort ranges.** But this is the cmly case in which an 


ekmgated ptojeetile nould be fired witiioQt retetioni unlsm^ 
inde^ we ooidd suppoee u shot fired in a vacuum. In which 
case, as there would 1 m no sir to press upon it it would not tom 
over. If rapid rotation be eetaldished upon the longer aads of 
the projectile, the vdoeily rotation will more than counter- 
balance the pressure of sir, and will prevent the projectile 
from hedng turned over. Any one who has amused himself with 
the gyroscope, or even a child who has played with a top, will 
know that the spinning motion gives a stalely to the of 
rotation which, as long as the s]^ is strong enough, sets other 
disturbing forces at dsfiance. Thus a top or a gyroscope will 
spin at an angle with the horison which it could not possibly 
maintam if it were not in motion. Indeed, a top could not 
stand at all without being spun, and the wobbling movement 
which precedes its fall indicates the point at which the force 
of gravity is beginning to re-assert its sway, and to overcome 
the failing rotation. These are elementary truths, but they 
perhaps explain better than more recondite examples the effect 
of rifling upon a projeotile. 

Well, then, havi]^ advanced thus for — ^having established 
that rifling neutralises some of the causes of inaccuracy in the 
projeotile, whether spherical or elongated, and that without 
it it would not really be praotioable to fire on elongated projec- 
tile at all — we bave to inquire further, what are the advantages 
of firing elongated projeotiles? Those advantages are os fol- 
low: — In the first place, weight for weight, the elongated 
projeotile presents a diminished surface for the resisting me- 
dium — ^whether air, or iron, or wood, or water — ^to act upon. 
Weight for weight, therefore, the elongated projectile will range 
and penetrate farther than the spherical projectile of the same 
mate^. Or, weight for weight, equal results may bo obtained 
with the elongated projectile with a reduced charge of powder. 
If the surface of the elongated projeotile be inoreased to that 
of the sphere with which it is compared, its weight will be 
greater, and thna it will have greater powers of overcoming an 
equal resistance. Fourthly, it is often a great ^vantage to 
make the striking’ part of a projeotile of a peculiar form and of 
a peculiar material. The sliapo of the hea^ will greatly affect 
the flight; the shape and material of the head will greatly 
affect the penetrative power. The PaHiser projectile of ohiBed 
iron would not be possible with an obtuse or hemispherical 
form of head. It is neoessary, as will hereafter be more fully 
explained, to have a head of a form suitable for noutraliBing the 
brittleness of the material, and tiiis is possible with an elon- 
gated shot which goes point foremost — ^it would not be possible 
with a sphere. Again, the heads of the present Falliser shot 
are made harder than the bodies, as the gougre or chisel is made 
harder than its handle. This would not be possible with the 
sphere. Every projeotile in the service has a head of a form 
which is considered suitable for flight — for cleaving its way with 
the minimum of resistanoe and disturbing effeot through the 
air, just as ships are made with bows suitable for easy passage 
through water. Such an arrangement would not bo possible 
with a sphere. Fifthly, as an elongated projectile meets, in 
relation to its weight, ^th less resistance from the air than a 
spherical projectile, -the trajectory of the former will, ecote^ng 
parihua, be flatter. Sixthly, all elongated projeotiles for the 
same gnn can be made of same weighty if desired, so as to 
bo fired with the same charge of powder and the same eleva- 
tion. With the sphere, all the projectiles for the same gnn 
must be made of the same size; and thus the common shell, 
whidi is filled with powder, will weigh considerably less than 
the shrapnel, whioh is filled with leaden bnllets, and will reqniie 
a different elevation. Seventhly, if a specially long or powerful 
projectile be required — as, for example, a ** double shell ” — ^this 
requirement can bo satisfied with ^ongated projeotiles, it can- 
not be satisfied with spheres. Eighthly, the fact of a projeotile 
travelling head foremost greatly faoilitotes the preparation of 
a suitable percussion fuse, as it is only necessary to provide 
for action in one direction. This advantage would, it is true, 
be possessed by the rifled ephere, and is therefore rather an 
advantage of rifling abstractly than of that particular appli- 
cation of rifling which gives us the elongated projeotile. Ihe 
; same may be asid of the advantage which rifling gives in respect 
of shells whidi are required to atf*; or open te ^ front in any 
particular way. Thus, the F^ee;* shell is required to strike 
point foremost ; the Boxer rifled al lap&d is required to deliver 
its bullet to the front. , 
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!Efa» ibd?«Btiige« of xiflitig nay thonfovo be mmiieil ee 
pointed by Captain Orde Bvowne, B.A »9 in hie Tseivtise on 
JlLsuniinitUin for i^ed Ordaanoe,*' aeloUow 

let. Aoopraoy. 

2iid* Sinopler action of peroneahm « oonoieieiQn liuoe. 

8rd. 2>iBiadbiiiion of the metal with a to the epeoial 
jo^oiremente of each pro^tUe. 

^e above advanta^ apply whether the rifled projeotilee be 
epherioal or elongated. 

Then, from the use of elongated projeotilea, which rifling 
rendctre poeaible, we get, 

4th. Power of maldng the head of any form required. 

flth. Greater range or penetration. 

6th« Saving of powder. 

7th. Flattw trajectory. 

8th. All projectUee for the same gnn may be brought to the 
•ame weight. 

9th. If required, a specially heavy projectile may be given to 
any gnn, for exceptional nae. 

These are the advantages which wo realise from rifling onr 
(guns. Let us now pass on to observe in what way this rifling 
has been proposed to be accomplished. 

To most persons the idea of rifling almost necessarily suggests 
a gnu with grooves out in it, and shot famished with studs or 
other projections to fit those grooves. Fnt although this may 
he the simplest and most natural way of liifllhig a gun, it is very 
far from being the only way. The Whitwoi^ fpax, Uat example, 
has no grooves, properly so called, and an i^ojeo^ns upon the 
ishot. It is, roughly speaking, a spirally bcxa^al bore, whioh 
flres a spirklly hexagonal shot. The LahMter gnn had an 
oval bore, and fired an oval shdC Then there lusve been 
numerous propositions for reversicip the ordinoiy meGiod of 
rifling, and middng the grooves in oorrespouding 

prqjectiona in the gun. But it is not ^iiieessaiy that the gun 
•mould be rifled at all. The Maokay gun k a smooth-bore, 
whioh fires, a grooved projectile, the rush ot sjgna along these 
.grooves being supposed to oommunioate a rotatory motion 
to the projectile. Many proposals have been made for com- 
mnnioating rotation by ^e pressure of the air upon the projec- 
tile after it has left &e bore, by acting on ^>l^ue plimes or 
nhannela, either in front or in rear of jdtoi. The Museum 
of Artillery at ITbciwicib contains many qpedmena of each of 
these different modM cf liflhig. Loeidfig at them broadly, we 
ahall find that they may be olassifled, as pointed out by Lieu- 
tenant-Colonel Owen, under three heads : — 

1. Mechanical means inside the bore of the jgun. 

2. The action of the powder-gat upon the skTt intide the bore. 

3. The action of the air upon the piojeei^ after it has left 

the bore. ; 

The common object which aU proposers of systems of rifling 
have had in view, is the spinning of the projectile on its longer 
axis, and with ^lat axis as nearly as possible coincident with the 
axis of the bore or its prolongai^n* It is important to do this 
in a manner the least injuriotu to the guns, which will permit 
«f easy loading, and which will impose no serious m ech anical 
•diffioultieB upon themanulaotorera of the gpns and projectiles. 
7o discuss the merits nnd .demerits of the varions systems of 
xiflling would oooupy mote space than can now be afforded, and 
would be beyond;.^ scops of these papers.. . Indeed, allusion 
has been made tb tik variottB experimental modes of oommuni- 
eating a rotatory motion to projeotiles chiejBly to worn those 
who may contemplate the trkl of some supposed novelty in 
rifling that th^ will do well first to inspect the valuable ool- 
leotion of rifled jirqkotiles which «^ts ^ Woolwich, and to 
Isam from them the pn^^orikm of fkluzes to suooesses. 

The system of rii&g of whioh it is first necessary to make 
mention at this stage of the subjaot was that employed by Sir 
William Armstrong in his original guns. The Armstrong shot 
were ooated wiUi a leaden coating,, Gightly larger than the bore, 
smd which on the explosion of ^e oharge.bmme forced into 
the numerous shallow spiral grooves with whioh the guns were 
provided, and wM<di thus spun the projeoiale. The advantages 
of this system, the ayat^me fore4e (as the French call it)^ are 
that it rid of windage, that it ensures complete centreing 
of the projectile, and that it gives great accuracy. Par contra, 
the system is one which entails the use of hdudeators, it im- 
poses a great strain upon Gte gnn, it is very costly, on account 
of the prioe of Ibe leoibooating, and the lead-oovei^ projectiles j 


ore very liable to get disfigured in toanqjxn't. 'xiorsever, wIm 
lead-coated projeotilee are fired against annour-platod ships, the 
lead coating, although it has increased the momentum of the 
shot, acts se a bar to its free progress through the plate, and 
thus lessens its power of penetration. The diMeulties which 
were at first experienced in connection with firm attodlunettt 
of the lead-<x>ating have been overcome by the adoption of the 
pUn proposed by Mr. Boshiey-Britten, of soldering on the lead 
with zinc solder, instead of attaching it mechanically. AU the 
breeoh-loading guns in the Fngli^ service fire leod-oooted 
Armstrong projeotiles. 

The mnzsle-loading gims fire , studded shot, and «re rifled 
with three or more gromres, aooording to th^ else. An in- 
genious system of groo^idn g. known as the “shunt** iy s teto» 
whioh was designed by tts WilHam Annstrong, is fast dying enk 
and hardly calls fox notiee*!. It is mendy necessary to obserfir 
that with this systiem the ahot loaded easily on Ibe deep si^ 
of the groove, and In ehmiiif , ont ,lmg8«d the opposite or 
** driving** side, being **alihxitod^ in Its passage up the boro 
to a shallower level. The objection to this svstem was that it 
was apt to strip the studs off the peCfleotile, by throwing on to 
them a sudden strain At the momont when the shot trok the 
shallower level, some inkonoes it Is considered that the 
strain acted injuribiialy upon the gun. 

The “Woolwich** guns— by wlrioh is^ineant all onr heavier 
muzzle-loading rifted guns— We a groove very nearly akin to 
that used in the French guns. lu seme oases the spind is 
made uniform throughout the bore ; in the majority of oases 
it is quicker at the muzzle than at toe breech. The supposed 
advantage of toe increasing twist is that k slightly dimintehes 
the strain upon the gun. The projectile meets with little or no 
resistance from the grooves at the instant when it is propelled 
forward by the ignition of ’the ohaxge, and itk only as the pro- 
jectfle txwrels forward in the bore kmt the resistance due to 
rifling becomes sensible. But this resistance is far less than is 
oommonV supposed, and it is donbtful if the inoreoeing epiral 
really affords anything like that amount of relief to the guns 
whito was at one tone bdieved. It is considered that the in- 
creasing spiral gives also greater aootiraoy of flto. 

In the field guns the form of groove is rather different from 
that of the Woolwich guns, and the play between the studs and 
grooves is lees. But these are details with whioh it is net 
necessary to enonmber the present papers. It will be snffieieiit 
to observe that there are two main systems of rifling in vogue 
in the British eervloe — ^namely, the syetom of many ehallow 
grooves, with lead- ooated projectiles, for the breeoh-loading 
guns ; and the cystem of few deep grooves, with studded proje^ 
tiles, for the muzsle-loading guns. The rationale of rifling hae 
also been explained, and the advantages whioh it gives'us hav» 
been set forth. We will in another paper pass on to the cem- 
struotion of our rifled gunsi and show the prWiples upon whtelv 
they ere built. 

PRINCIPLES OF DESIGN.— XIV. 

BT 0HBI8T0PKBB DBXB8XB, PH.B., F.L.8., ETC. 

BBCOBATIOir 07 CEILINGS (oonHaued). 

Ik my loet artiole I notioed that the decotAtion of a room should 
be in ohonujter with its arohiteotiire, but to^ while this should 
be so, the ornament applied by way of enrichment should not 
be a oervile copy of toe deoorative forms mnployed in ages 
gone by, but should be inidh os is new to dmmoter, while yet 
of toe spirit of toe posi 

Many cironmatanoes tend to determine the nature of the de- 
coration which should be appHed to a eefftog t thus, if a ceiling 
is st ruc t urally divided into square panels, the ohoraoier of the 
ornament is thereby rostrioted, and should these panels be large, 
it will probably be desirable toat each be fitted with the same 
ornament ; wh& if they are small three or four different pattepe 
may be employed, if arranged to some orderly or methodical 
manner. 

A ceiling may also have the joists or beams viriblg upon it t 
in this case the decoration would have to be of a very epeoial 
character. The bottoms of the joists might have a string 
pattern upon them (a running pattern), as the Greek **key,** 
or guilloohe; whilst the sides might have either a nmning 
pattern, or a pattern with on upwa^ tendency, as the *' Greek 
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botiejsiidde i ** and the oeUing^ interrening between the joiete | 
night hate • racking pattern, or better, a etar, or dii^er 
pattern, or it night hate banda numlag ia the oppoaite diree* 
tim to the joiata, ao aa, with them, to form aqnaxea, which 
eqaarea might be filled with ofnameni. 

If, howew, the ceiling ia flat, and ia not ditided into aeo- 
tlma atroet m ^y, almost any ^'aettiiig oat ** of the anrfaoe 
my be emplpy^ aa Fig. 40i or a lai^ oenire omamenti aa 

g. 41; ora 
roaetle dia- 
tribnted oter 
the entire 
aorfhoe, as 
Fig. 42. In 
any ease it ia 
aot neoea* 
maty or eren 
desirable 
that the or- 
nament be in 
relief upon 
the eeiling. 
ilaQy treat- 
d oznamenta 
may he em- 
ployed with 
advantage, 
and all fioti- 
tiona appear- 
asoeof r^iaf 
must b# 
aroidad. 

There ara 
ao many dif- 
ferent ways 
ofeettingoat 
odUnga, that 
I oaxmot at*' 
tempt even to 
make any Bug- 
geatione. I 
would simply 
say, howerer 
— ^Aroid an 
arohiteotnral 
setting ont, 

M thm are 
no atmotural 
members} 
for ornament . _ 
whioh ia flat ^ 
may spread in 
any manner 
orera snzfaoe 
without eren 
appearing to 
ne^ atmo- 
tnral anp- 
porta. As to 
the ocfioor of 
a ceiling, if 
thereis to be 
no ornament 
upon it, let it 
bea cream oo- 
loor (formed 

of wMte with a UtUe middle ehrome) rather than white. 
Cream-ooloir alwaya looks well upon a oeWng, and gives the 
idea of parity. A grey-blue ia also a very desirable colour for 
a ceiling, such aa ia formed of pale ultramarine, white, and a . 
little raw umber, just anffioient to make the blue alightlj grey 1 


Pig. 41. 




even the deep blue ceiling, or by ifiaoing pale bine stars npem 
the oreum-oblonred celling. The stars diOuld vary for an ordi- 
nary room ceiling (say a room afacteen feet square by ten feet 
high) from idxmt three indhea from point to point down to one 
inch ; the larger stars hating nbc poteta; othevaheing smaller and 
with five pointe; and themnall onea havinfr, some four points, 
and some three. If such stars are ixregnlttcly (withonc c^eV) 
intermixed over the ceiling, and yet aire iomarirliat equally dia- 

lMnraed,av«y 
pleasing and 
interesting 
nflbot will 
thereby be 
produced. 
This eifeot ia 
in mu^ fa* 
vonrwiththa 
Japanese. 

Anothev 
good eifeot ia 
produoed by 
giving the 
ceiling the 
colour of 
Bath or Port- 
land stone^ 
and starring 
it with a 
deeper tint dl 
the same oo* 
lour. Thia 
cfibot ia im- 
proved by 
each star hav- 
ingaveryflnei 
outline of a 
yet darken 
tint of the 
same colour. 

I ahonldl 
reoommendt 
those inte- 
rested in tha 
decoration of 
ceilings to 
study care- 
fully the 
Egyptian, Al- 
h^bra, and 
Greek Courta 
attheOryatsdi 
Palace, Syd- 
enham, eape^ 
oiallytheiwe 
last named 
also to notice 
the ceiling in 
St. Jamee’ii 
Groat Han, 
Piccadilly, 
London, and! 
the ceiling of 
Uahaw ColV 
lege chapels 
near Bur- 

oeilinga in ^e Oriental Ckmrts, by Br. Owen Jones, at ^e 
South Kensington Huaeum are worthy dt cax^ul notice; but 
the Benaiaaanoe oeilinga in ether parts of the Museum are both 
wrong in principle and bed examples of their ptyle.** 

On the Cemtinent we often meetwithoeilihga on which large piio- 



between the ultrmurke and white. Another eifeot whioh I in Paris ; but such pictorial oeilioga axe in every way wrong, 
like la produced by the full colour of pure (or almost pure) * j ^ 

ultramarine. In tida case the oomioe ahould be carefully . 

coloured, and pale blue and white ehonld previOl in it. 4 ^ Ijmdon ^dsn^ cans^ do than davole nmoh of ths 


pale eream-oolottred aiara irregularly over the pele blue, or aoet tahudle materials for uasfol atudj. 


* Loadon atadents oaaaot do battar thaa devote nmoh of thelv 
e tt e at ioc to the apedaiaiia ia the Qiyalal Palaoe, Sydoaham, aad the 
diflweat ext fancies. The maaeame of pcofiaoial tosma also 
asoat vahudle materials for uaefal study. 
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Ift. A oo^Nr is % flat 

^Did^, lieaiBe all 4somtkm 
pJaoad upon it should bs iUkt 
also. 

jSnd. A piotuxs oai& only 
be ooRSotij seen ixom one 
point> whereas the decora* 
tion of a OMHng should be 
of snob a ohamoter that it 
oaa be properly seen from 
any part of the room, 

8r^ PiotnreB have almost 
inTBiiably a right and wtot^ 
way upwards. A picture 
plaoed on a ceiling is thns 
wrong way upwards to almost 
all the gnests in the room. 

4th. In order to the pro* 
per nnderctssidlng of a pio* 
tore yon most see the entire 
of its sQilaoe at one time; 
this is very diffioolt to do 
without almost breaking 
yonr nedc» or lying on your 
back on the floor; whereas, 
an omamant which consists 
of repeated parts may render 
a odling bMutiful without 
requiring that the whole 
oefling be seen at the one 
glance. Fig 

Host of the IVenoh pio- 

toriai omllngs are so painted that they are properly seen when 
the spectator stands with his back dose to the This is 
very awkward, as the rnles of society do not allow us to stmid 
in this position before oompany. Pictorial works are altogether 
out of place on 
a ceiling; thqy ||||||||||||| 
ought to be 
framed and 
hung right way 
upwards upon 
walls where they 
can be seen. We 
haye a painted 
ceiling at the 
Greenwich Hoa- 
pital. 

Arabesque 
ceilings, such aa 
that of the Bo- 
man Court at 
tile Crystal Pa* 
laoe, are dso 
very objection* 

What can be 
worse than fee* 
toons of leafage, 

Hkeso many can* 
wiges, painted 
Qpon % oeiUng, 
with griffins, 
small framed 
piotnres, impos* 

■ibleflowers,and 
feeble ornament, 
ell with fletitions 
lightand shade P 
But not content 
with such ab* 
enrditiesandia* 
oongmities, tiie 
festoons often 
upward 
on vadted or 

domed caiiisg% BHBBBBBBBBBBBBBBBIHBli 

»nthe» than fw. 


downwards. Snob oma* 
ments arose when Borne, in* 
toadoated with its conquests, 
yielded itself up to luxury 
and vice rather than to a 
oonsideratian of beauty and 
truth. 

Decorations like these 
were to an extent again re- 
vived by the great painter 
Baphael; but it must ever 
be remembered that Baphael, 
while one of the greatest of 
painters, was no omamen* 
tist. It requires all the 
energy of a life to beoome 
a great painter; and it re- 
qoirea all the energy of a 
life to become a great oma- 
mentist; hence it ii not 
expected that the one 
■honld be great in the two 
aria. 

In all ages when decora- 
tive art has flourished, 
ceilings have been decorated. 
The Egyptians decorated 
their ceilings, so did the 
Greeks, the Bysantines, the 
Moors, and the people of our 
^ Middle Ages, and a light 

ceiling appears not to have 
been esteemed as essential, or as in many oases desirable. It 
is strange that so few of our houses and public buUdings 
contain rooms with decorated ceilings ; but the want is alr^y 
felt, the fashion has set in, and many are at this present 

moment beingr 
prepared. We* 
must get simple 
modes of en* 
riohmont for 
general rooms — 
modes of treat- 
ment which shall 
be effective, and 
yet not expen- 
sive — and then 
we may hope 
that they will 
become general. 

The large- 
oenb« ornament 
for ceilings 
shown in Fig. 
41 is neoessarily 
given in portions,^ 
but students of 
deoorativeartaitt' 
recommended to 
copy and com- 
plete these draw- 
ings in their en- 
tirety, as useful 
studies of sym- 
metrical design, 
and for praotioal 
purposes to draw 
them on a large 
scale on cart- 
ridge paper, and 
colour them ao- 

, cording to the 

rules already 
laid down, 
they may be able 
to 

HIBlHBHBBBIBBHBBBBBBi of the gensraL 
Bi effaoti pr^iiies<L 
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APPLIED MECHASIOjB^XII, I 

BT SIB BdBXBT BTAWBSA BAXAt HL.XK 

Attronoin«r-B«|^|dff 

THB PLANX.<||#^:^«;mXVX. 

In the Ismt lesson we intarodiM)^ |^ {nUnoiple of the 

•]ide>rest as applied to the tiil^^i||ppi|he; in the present lesson 
we shall consider the no less Mgpitaht appl^^ of the iKde- 
xest to the planing machine. lathe affcnfdB the messui of 
obtaining si^aoes of reTolntii:ii|^i ^ plani^ machine eni^ks 
os to produce planes with wolipmil precision. When we Son- 
eider that nearly all the aotinf 4|Wkoes oi maohhtes are either 
planes or snrfaM of zeTolntioii^lilk.ittpmrtano^ of the slide^est 
in producing such surfaces bec^pes mf^est. 

In the planing machine the' is mored whfle the tool 
remains at rest, thus differ!!^ Isom shaping and slotting 
machines, in which the work remains at rest while the tool 
ismoTcd. 

The planing machine consists ctf a tnble which is adapted to 
eUde on two grooves, so that all pstli of taUe move in parallel 
lines. On this table the wo^ is ^hoed, and eecaied in the 
proper position by screws. TIm to tmTerses backwards 
and forwards with the table ; above the 

table is the slide-rest, which oapliw^|hi tool. The point of to 
tool traces out a slight line to work which moves 
beneath it, and if, therefore, at. to 0(m<dnBton of each out to 
point of the tool be advanced in a straight lino, so as to take n 
fresh out, a piano surface will be j^roduced upon the work. 

There are many ingenious mechanical contrivances in the 
planing maohme, both for producing the return motion of the 
work, and also for making the tool i^-aoting. These we shall 
dotorlbe. 

We take the following very interesting passage from Mr. 
Nasmyth’s remarks upon the use of the slide-rest (see ** Baker’s 
Meohanism,” p. 227) : — ** There is no form which is so frequently 
required and essential to any piece of meohanism as to plane sur- 
face, or rectangular prismatio forms generally. !nie vart expense 
attendant upon to production of such by to tedious and un- 
satisfactory process of chipping and filing caused every engineer 
to avoid 1^ all means any arrangements which rendered such 
forms necessary, however essential they might be to the perfect 
action of the machine. It is quite laughable to observe in any 
old piece of mechanism the niggardly use of those importuit 
forms, arising from the above obstacle. The introduction of the 
planing machine at once jultered the entiro system, inasmudi 
as forms and amoqrements became practically possible which 
formerly the engineer dared not think of using ; this was simply 
C k Ok following 

|— out in the 

. -JT plane sur- 

face what 
the slide- 
rest had 
produced in 
thetumiug- 
lathe as re- 
girds cy. 
lindrioal 
forms. And 
the result 
was that 

^ not only 

was the ma- 
ohinery pro- 
duced by 
its agency 
most strik- 
ingly superior by its dkeot intonoe, tot the pktog 

machine enabled ut tp produce imp»M^ tools at a grfstly 
reduced cost. That mlgkty inflnanoe kl rill airirs, to first 
planing machine, enabled us to produce to second stni 
betto; that again jMiito 

<if to most perfi^^to ASM tosiriuy toss, 

and they again ^ tot In w 

sh«nt toe a very 


to prsAxIato impmed tools, but, in fisoi, 

fiJssa we' ‘lt>>wto-'kpkaW: li of its own oreatiBg, andiB 

this eauaed # and its ofispring, to plaidng 

ssaohine. to toririypM Into any of those vast estshlkh- 
mmits whkh years have sprung up for to 

purpose of suppttfa^^^ to for mabhineKy, and we shall 

mid that fine metonisms in use and in 

process of produetiorissb priWik the agency, more or less direct, 
of to alto-rest and liiuainjg . ■ 

laaoldne.'' I h I 

We shall first describe v. ; I j 

to mechanism by wblik; *' 

to mciion of totol 8#> S N Vis 8. 

cured is to alide^kkt can Ora 

be obtained. A diagXfnir S 

matio visw of a p&dng 

machine is given in Pig. 1. / nl A m 

T m to taUe jdiding Ux 

grooves (we shall considrir' 
ita motion prsaently) j w is ' 
to work upon whlbh ,ri 

plane surface is to bc pi^ W H I j 

duoed. The table is toi 

niehed with a npuibw^ ''W 

riots, and to weric l| na- ^ 

cured to thetok l^Mto 

of bolts of vsripsi forimi!, fhekeada of which are underneath the 
table, while toriiaitk!i P^ fitough the slots ; brackets and other 
,k>senioM'-.woato aM ■■issc''-.nsed for securing work of different 
forms. The reciprocating movement of the table is thus par- 
taken of by the work, and as the table moves the work, the 
point of the tool, h, takes off a shaving. The tool is attached to 
a slide, b ; on x is a nut in which the screw f works ; the frame 
wx is horizontal; consequently, when the sorew f is made to 
rotate by the handle K, the point of the tool is moved in a 
horisontal line perpendioular to the direction of motion of to 
table. After each out has been taken the tool is moved a little, 
and then on to return of the table a frisk out U taken. Thus 
to movemsnt of the tsbli, componitod with the movement of 
to tool, develops a plane suilaoe upon to work. In order to 
economise labour, and stUl more to sscu r s , regularity and perfect 
uuifomdby in the work, to tool is apt geiiimlly moved by the 
hand of to workman. 

By means of a simple oontrivanok to table itself, after 
to coi^asion of eaoh out, and befCtb to oommenoomont of 
the next, toms the sorew f, a Httle, thim iiiaking the machine 
sell-aotog. 

In order to aoeommodats to tool to to varying dimensions 
of to work which the pUming maohlrtS ttsy receive, the frame, 
XX, is itself able to receive a vertlorii as^n. The vertical 
screws, XfA, work into nuts on to baric of the frame, xx; 
these screws have small bovriled wboris, b,b, keyed upon them; 
these bevel wheris are equal, sad see tusnod by the two equal 
bevriled wheels, c, o. Thus, by turning to han^e d, to whole 
frame, xx, can be raised or lowered at to commencement of 
the work, in order to place to tool sdlks required height. It 
will, of oourse, be understood tot daski|r to process of planizig 
to position of the frame x x must not os altered. 

We have now to describe to medhwriiiB by which to table 
is moved. The problem wc bare to sodiw Is more oomplioated 
than the simple motion of ret^tion. wbkk bas to be produced 
in the lathe. The table has to be moved backwards and for- , 
wards, and the extent of its iqfkon must, In order to save time, ' 
be aooommodated to to kwyth of ouk: In some planing 
machines to support whkh carries to teal i* oapabls of bring 
turned round, so that on to vetnm cl to table a out may be 
taken as well as in to frirmsjp mo#^ .Qther m achinss have 
not this oontrivanoe ; but toAsble Is bveiilfbt back by a more 
movement ton it would be priprible te use for planing t 
thus to loss of time onto return iawrihkWd to a minimum. 

In llg. 8f Is a dimtoi of ti plsnkli|i ;^ in wMoh the 
tool is bBtandedto bs turned rounds, both motions are 
performed with eqxial veloriticSi ^ : /v 

ISm tolC is revolves beneath, 

sMt'.>woieks This screw is 

'SlWBWWItt/l»i» in this figure 

table. The screw 

d to a bevelled wheel, B; this wheel, B, 
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Aither of iho whod«, Q«&d F, into vldoh it gem. !]nio fAmU 
^ iii attoohod to the {mUej b ; q and Btoxn together qeite freelg 
upon the ohaft When the band which ^Tea the planiiig 
machine is upon B» the wheel q ia tamed) and thia makea the 
aorew reTolve* Of eonrae B will tom roand F in the oppoaite 
direction to that in which g rotatea. But now let the bi^ be 
ahifted from the pnUej B to the pnllegr ▲* a will now be driven 
round, and with tb f, beoauae F and A are both ke^ npon the 
same shaft, which passes freely through b and g ; henoe the 
bevelled wheel B, and therefore the screw, will now be driven by 
the wheel F. It will be easy to see that b will move in opposite 
directions, according as it is turned by p moving in one direc- 
tion or g moving in the same direction. Sign>ose, for example, 
that the wheel p tom so that the part of it near x descends, 
then the part of B at T ascends, whereas had the motion been 
given by g, the part T descends, of course making the part near 
Y on B descend ; henoe we have a most conve^nt means of 
reversing the table by just shifting the band from one pulley to 
another ; between the puUcya A, B is a third pulley, o. This is 
what is called an idle pulley, because it tanxB freely on the 
shaft. The band is therefore turned on this pulley when it is 
desired to throw the machine out of action. 

We have now to describe that very ingenious portion of the 
mechanism whereby, when the table has arrived at the end of 
its stroke, it changes the band from B to A, and thus itself 
reverses the motion. Underneath the table is a rod, k l T. 
One of the guides which restrain this rod to a motion parallel 
to the table is shown at t. A stud npon the rod is shown at n; 
this stud can be attached by a screw to any point of the rod. 
The table in advancing towards b comes in contact with K, and 
thus pushes the rod n L t forwards. A pin npon the rod at h 
works in a slot in a bell-crank lever, w s L. A second pin, fixed 
to M F, works in a slot in H s. We have already described the 
bell-crank lever in our lesson upon the lever ; it gives a con- 
venient method for changing motion from one line to another 
line perpendicular to it. When L is pushed on, it is evident 
that M will act on the rod K F; but m f carries afork F, through 
which the band passes ; thus the band will be carried from the 
wheel B to the wheel A. The table will then commence to move 
in the opposite direction until it meets a second stud on the rod 
T L N, which serves to bring the band back again to b. Thus 
the table will reciprocate without the attention of the workman. 
The position of the studs upon the rod N T is to be determined 
by the length of out which is required. The reversal of the 
tool at the conclusion of the cut before the table commences to 
return can also be effiscted by a self-acting apparatus. 

In the best planing machines, which are used when very 
superior work is required, a quick return motion is considered 
preferable to the reversal of the tool, notwithstanding the sacri- 
fice of time that is involved. Various ingenious mechanical 
' contrivances are made use of for the rapid return motion. One 
of the most useful of these is shown in Fig. 3. 

o ia an idle wheel, and a and b are the pulleys which move 
the table. When the band is on b tee motion of the screw is 
■low in one direotioa, but when tee 
band is on A the screw revolves 
rapidly in the other direction. The 
arrangement for shifting the band 
is the same as teat we have already 
described; so thia diagram merely 
shows how the difference between 
the velocities of advance and return 
is obtained. 

The pulley A is attached to the 
toothed wheel p ; so that when A is 
turned, P must turn with it ; these 
wheris tom freely upon the shaft, g 
and B are also toot^ wheels. We 
shall suppose that p and B are of 
the same magnitude, tee sise <ff g 
being indifferent. F and g revolve in opposite directions, so do 
g and b ; therefcre p and b revolve in the same directions, and, 
since they are equal, with equal velocities. T is a large-toothed 
wheel on the same shaft as B. We shall suppose, for the sake 
of illustration, that T has sixty teeth. T revolves, therefore, in 
the same direotUm as p, and they each perform one revolution 
in the same time, t gears Into a wheel, s ; this wheel is upon 
tee screw white moves tee table. H s have twenty teeth, it 


will turn round three times for sate revolutUm of t, and, of 
course, in the opposite direction. Hence s turns round in tee 
opposite direotion to the motion of p, aird revolves three times 
wl^ p has turned round once ; this eoicesponds to the return 
motem of tee table. But when tee band is shifted from a to b 
by tee fork, tee motion is reversed. The shaft on white b is 
Imjed ia a contmuation of the screw s, and henoe tee screw 
revolves in the same direotion as tee motion of B, and with the 
same velooity. Thus tee table is brought back three times as 
last as. it is advanoed. 

VEGETABLE COMMERCIAL PRODXTCTa 

XX. 

HISOBLLANXOnS PLANTS OF OOWMBBCIAL VALTTB {continued). 

CoguiLLA Kut (Aitalea funifera s natural order, Palmacece), 
— ^This is tee fruit of a South and Central American palm. It 
ia a nut of not more than three inches in length and two in 
breadth, and is completely solid, excepting a small cavity in the 
centre, in which the seed is depositeid. The shell is therefore 
very thick, and it is also very hard, taking a fine polish. Co- 
quUla nuts are used teiefiy by ornamental turners for the pro- 
duction of small knob handles for cabinet drawers, parasol and 
umbrella bandies, chess ** men,** rings, brooches, and for small 
toys. 

Marxino Nut (Semeearpue anaeardium ; natural order, Ana- 
cardiaeece). — ^A native of the East Indies. This nnt, somewhat 
like a tamarind stone, has an exterior covering formed of two 
laminm, between which is a caustic bitter juice staining an 
indelible black, and which is much used as a black varnish, as 
well as for marking linen, whence its name, ** marking nut-** 
It is imported into this country for these purposes. 

Obrib Boot (Iris Florentina; natnral order, I 
This plant is a native of Italy, and cultivated in gardens. Orris 
root is used as an ingredient in tooth powders, and in the per- 
fumed preparation of wheat starch white goes by the name of 
violet powder. 

Obabb* Eras (Abrusprecatoriue ; natural order, Legunvinotoe). 
-—This ia a pretty climbing plant, a native of the West Indies. 
Its seeds are bright scarlet, jet black round the hilnm, and very 
handsome. In fridia they are used by druggists and jewellers 
as weights, being almost uniformly one grain. They are also 
strung together for necklaces and rosaries. 

Battakb (species of Calomuss natural order, Pahnacecs ), — 
These palms yield the canes or rattans of commerce. Ibey 
have very long slender stems, with leaves at considerable dis- 
tances apart, and tee climbing species reach the tops of the 
highest trees by moans of the powerful whip-like prolongarions 
from tee midribs of tee leaves. The stems contain a consider- 
able amount of silex, which renders teem hard and gives them 
a glossy appearance. C. rudenium produces stems 800 feet in 
length, wUoh make excellent ropes of immense strength, and 
as such are used by tee native Hindoos in oatehing elephants. 
0. eevpionum famishes the walking-sticks known m Malacca 
canes. 0. rotemg, 0, rudentumt 0. verus, C, vinvinalist and 
others, are used in this country for tee bottoms of chairs and 
couches, the sides of carriages, etc. ; and in India are made into 
baskets, mate, hats, and other useful artioles. They are also 
used as ropes and cables, in tee junks and coasting vessels, and 
take the place of chains in native suspension bridges. 

The rattans are found in commerce in bundles, each cane 
being once or twice doubled up in order to make the bundle 
■maUer and more compact ; the canes are very seldom less than 
twelve or even sixteen feet in length. About 75,000 bundles of 
canes, 100 canes being in each bundle, or 7,500,000 canes, are 
annually imported into the United Kingdom. Holland also 
imports annually several million pieces. Bengal, Arraoan, and 
tee Sunda islands produce tee greatest quantity of rattans, and 
Europe is supplied viA London, Amsterdam, and Botterdam. , 

Bamboo (Banibusa arundinoeeai natural order, Ch'omi* 
nocecs). — ^This gigantio tropical grass is extensively spread over 
India, Chipa, and Japan. It grows like a tree, sbooti^ up 
with great rapidity In two or three months to a height of fifty 
or sb^ feet. Its hollow stems, which attain a diameter of 
■even or eight inches, are much nsed for bnUding purpoces in 
tee countries where it grows, and its young shoots serve as 
walking-canes. The Ob^se make from the inner bast-like 
bark ta inferior kind of paper. 
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TECHNICAL DRAWING.— XXXH. 

DBAWIKG FOB HAOHtNISTS. 

THB ffnBAV-BKGlKX (con<mu«(i)^TBB OOTXENOBS. 

It will b« foond tli*t tliis portion of our ierioo of kssom in 
TechnioAl Drawing tupplemonit in » great meaeure the leisoni 
on the Steam-Engine giyen in this work. In these tiie maehiniit 
and engineer will find praotioal workinf drawings of different 


of the steam. The goe e g no r s are rOallj a psir of oonioal pea- 
I dalams, and when pat in rc^tion the een^ngal force of the 
balls, or their te^en^ to fly ontward^^ inoreases as they 
re?(fiye faster. They are snspended by the apper end of the 
pendnlnia-rod, and so mast rise higher if they fly oatwards ; at 
first a very slight eleration accompanies their extension, bat 
afterwards the elevation beoomes greater and greater for every 
farther extension. As the action of gravity is constant, anfi 



parts of the steam-engine, while in the papers to which we 
have jast alladed the student may derive the necessary in- 
straction respsoting the different fonns of steam-engines, with 
an accurate desoriptiion of the purposes which each oomponeut 
part and speoUl feature tends to serve. In the present lesion 
we shall describe the governors. 

The governors sre an important psrt in ths details of a steam- 
engine, and form an exoeUent study for mechiiiicsl drawing. 
Their ate is to regulate the speed of an eagbie and keep it 
uniform, and they perform this duty by dos^ the throne- 
valve before mentioned (Figs. flOi, eto.), im so diatting off some 


not affected in any way by their revolution, there will be two 
balanced foroes at worki one, the oentrifagd power of the 
baUs ; and the other, gravity ; one variable with the speed of 
the engine, and the otiier constant. The oombined operation 
of these forces regulates the position of the balls, and &ey are 
connected with the throttle-valve so that an opening for tiie 
admisuon of steam is made to increase as the govemor-baUs 
fall down, and to diminish as they rise, tbns regulating the 
quantity of steam, and thereby the engine’s speed. 

Figs. 818 and 819 are front and aide elevations of the 
governor ; and Fig. 880 a vertical section of its standard ov 
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unpportiiig pillar, wliioli is bolted iqMm the planed bed of the lengthen or ehorten it, end lo adjnet the woihing of both 
online. Braaa bnehee are fitted into the npper and lower ends governor and thtottle*TfilTe to each other* 
in which the vertioal governor spindle rerolyes. Figs. 880 and 881.<-Leyer, made of brass, wi13i two orescent* 

Figs. 821 and 882,— Pendulum and ball ; two views of the shaped pieces of steel to fit between the sUding-blook ooUara 
former and one section of the latter. Inside the ball is a and tracer its movement to the throttlSMvalve lever, repre* 
fliigbtly enlarged oavitj, so arranged that by filing the ends of sented in the preceding lesson (Fig. 808). 



the square ho/e it will fit the corresponding square part of the Fig. 8S2.-*-Pin for sUde-Wock lever and steel pieces, 
pendulum-rod, without the labour of filing the entire hole. Figs. 888 arid 384. — Support for the above lever. 

Figs. 823 and 324. — ^Two views of the link connecting the i'ig. 336.— Pins for capi slide-block, end pendulum, all made 

pendulum and sUding-blook. of steel, or of wrought iron oase-hardened— that is, coated with 

Figs. 823, 826, and 827.— The brass oap and sliding-blook, steel by a ohemioal process, 
shown partiy in secihm and elevation, with one plan which Fig. 886.— Similar pins for the pendulum, 

suits almost exactly for both. Fig. 887.— The vertioal spindle to cany the pendulum, made 

Figs. 328 and 322. —Throttle- valve tod, with a screw to | of iron, except at the lower end, which la steel. 
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Tkb spring instmment oasi also be modified in a simple manner 
•o as to be used as a roltmeter. Instead of winding it with a 
few tnms of short, thick wire, or ribbon, so as to give it a re- 
sistanoe which shall be negligible, it must be wound with along { 
fine wire of many tarns, 


of the diteotion ^n which the onrrent fiows, and depends only 
upon its etrength (provided the resistance through which it 
flows is constant), it is dear that an instmment which ntilisea 
tills effect as its essential featnxe can measnre alternating aa 
well as oontinnons onrrents. 

In the voltmeter devised by Captain Oardew the current is^ 
passed throngh a fine wire, which it heats, and oonsequentlj 
elongates. A system of wheels and a pointer serve to magnify 
tUs small elongation of the wire, and to give ah aoonrate 
measnre of the onrrent which causes it. As the resistance of 
the wire is practically constant, the b.k.f. is proportional to 
the onrrent, and therefore to the indication of the pointer on 

the dial of the instrnmont. 


and consequently of high 
resistance. In order to 
procure any given force of 
attraction between the ooil 
and its movable soft-iron 
core (which may bo looked 
upon as a permanent mag- 
net of constant strength), 
it is necessary that the ooil 
shall carry a definite cur- 
rent, and shaU carry that 
current a definite number 
of times round the core ; 
or, the force of attraction 
is proportional to the 
strength of the current and 
to the number of turns of 
wire in the ooil, or, 

/=ce 

whore / = the force of at- 
traction. 

c == the current in 
the coils. 

i =: the number of 
turns of wire 
in the ooil. 

The force f will be kept 
constant, no matter what 
change is made in t, if c bo 
correspondingly changed 
in the opposite sense, so 
that their product shall 
still be the same. This 
product, 0 f, is known as 
the number of amp5re* 
turns on the ooil. In tbo 
case of an ampbre-moter 
there ore voiry few turns 
of wire, but as this wire 
can be both short and 
thick, its resistance is ex- 
tremely small, and a strong 
current can besentthrongh 
it by a very small b.m.f. 
working at the terminals 
of the instrument. In the 
cose of the voltmeter, where 
thesamo force of attmotion 



Fig. 88.— CARDEW’s VOLTMITEB. 


Fig. 38 shows the double 
form of this instrument as 
arranged for two degrees of 
sensibility, one exactly haH 
as sensitive as the other. ^ 
The wire is 13 feet long, 
and consists of platinum- 
silver 0*0025 of an inch in 
diameter. One end is at- 
tached to the terminal 
marked a ; it then passes 
np a tube (which is re- 
moved from the instru- 
ment in the diagram, and 
is partially shown in tho 
right-hand top corner of 
the figure, and marked 1 1) 
and over a pulley, Pi ; from 
that it passes down nnder- 
the pulley, pi, then up over 
the pulley, RJ^d finally 
returns to the terminal 
marked b, where it is fixed. 
All the pulleys are either 
thoroughly insulated from 
the metal case of the in- 
strument, or are made of 
some insulating material. 
The pulleys, I'j and Pj) 
permanently fixed in tho 
top of the metal tube, t f, 
while tho smaller one, pi, is 
loose, but has attached to< 
its lower end a thin thread, 
which passes round tbo 
wheel, w, and is then joined 
to the upper end of tho 
spiral spring, 8j. The screw, 
B, is permanently joined to 
the terminal, Ta, and tho 
screw, A, is attached to tho 
terminal, Ti, by moans of a 
fine wire, which acts as a 
cut-out when the current 
flowing throngh the volt» 
meter becomes greater than 
the maximum it is in- 
tended to measure. Tho 
spindle of the wheel. 


is needed to produce the same deflection, the number of turns 
required is extremely large, the wire being long and thin, offer- 
ing a great resistance, and consequently allowing but an ex- 
tremely small current timmgh, but as the number of turns is 
large, praotioally the same force of attraction is available to 
produce the necessary movement of the pointer over the scale. 

For measuring continuous onrrents this spring voltmeter is 
os convenient and trustworthy an instrument as can be used ; 
the fact that it does not meatore alteisating ourrents is its one 
weak point. 

CA&DtW’s VOX.T1CBTBB. 

So far, only those instruments depending on the ohendoal or 
eleotro-magnetic effects of the ourtent have been dealt with, and 
none of thM can meaenxe in asatisfaetory manner aa alteniat- 
ittg ounent. As the fuating effeot of a onnent k independent 


carries a second wheel, L, which gears into a pinion, u. Tho 
■haft of this pinion passes throngh the face of the instrument, 
and carries a long light pointer, which moves over a oiroular 
■mUe on its face. When in use the current fiows through tho 
wire between the terminals, Tj and Tg, heating the wire, which 
consequently expands. The spiral spring, s^, keeps the wiro 
strain^ fairly tight ; and when the wire expands, the pulley,. 
Pi, is pulled down by the action of the spring, and as the thread 
passes in a groove round the wheel, w, it turns this wheri, 
which transfers the motion, greatly magnified, to the pointer 
on the face of the instrument. An extremely small extensiois 
of the wiira, duo to the heat generated by the ounent in passing 
through it, is sufficient to turn the pointer through a consider* 
able angle ; and as the wire it so very this, It takes up ita 
final temperature almost immediately, thus making the lnstni>- 
ment almost dead-beat. 
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geoond win, dmilar to Ihe first m ngwds leiigtli.diutt^ sad 
resistance. It Is connected in series with the .fii^ sad is used 
when the to he measnnd is orer 120 Tolts : the indi- 
oation ol.the dial must then be multiplied by two to^rire the 
tnie B.IC.V* worhiiv thcongh the instniment. This seoond wire 
shonld have exact^ the same xesietanoe as the first, and shonld 
therefore be plaoed in a position similar to thedrst as regards 
cooling conditions. One of its ends is joined to the screw; o, 
which is peraanently connected to the terminal, ts ; from that 
it passes orer the fixed pnUrf, V|« and down to the email looee 
pulley, Ps ; after paeabg nndw it again goes up and over 
the pnUey, P4, and finaSy enda at the epiral epring, S3, which 
keepa it etnined. The lower end of tiie looee pnlley,P9, is also 
connected to a epirsl spring, sdtioh keepe a conetant strain on 
it. The terminals, Ti and t^, shonld be used when high b.x.p.'8 
are to be measured. The second wire is enclosed in the tube, 
if ff into the top of which the ci4», O P« carrying the pnlleys is 
fixed— the cap, x x>, being similarly fixed in tube, 1 1 The 
tnbes are composed partly of iron and partly of brass, so as to 
hays the effeotiye oo*efficient of expansion of the tube the same 
as that of the platinnm-silyer wire, otherwise the pointer would 
not remain at sero except at a oert^ temperatare. The inside 
of both tabes is coated with lamp*blaok. The law connecting 
the heating of a wire with the current which prodnoes it is of 
a most oomplioated natare, depmiding as it does on diameter of 
the wire, the nature of its suifaoe, its temperatare and position, 
the temperatare of the surroundinga, air currents, oto. The 
necessary oonseqnenoe is that the extension of the wire, and 
therefore the angle through which the pointer turns, is not 
proportional to the current passing through the voltmeter. In 
order that the instrument shall be direct-reading, it becomes 
necessary to calibrate it throughout the entire length of its 
scales and this one calibration, which is done for each instru- 
ment by the makers, may be regarded as final. The divisions 
are not all at the same distance apart, those on the upper por- 
tion of the scale being necessary closer than those on the 
lower portion, but this difference in length of the divisions is 
slight, and does not in any way affect the acouraoy of the 
readings. The box, j s, containing the mechanism, is made of 
wood, and is closed with a door turning on the hinges, H H. In 
some of these instruments this case is circular in shape and 
composed of brass, in which event all the screws must be care- 
fully insulated from the framework. 

This instrument is the one form of voltmeter which can 
measure with accuracy the s.w.F. of an alternating current ; it 
is portable, not easily damaged, and can be used in any position 
near the most powerful dynamo without its accuracy being 
affected. Unlike most other voltmeters, it has no error dne to 
its change of resistance by heating, and can therefore be used 
continuously on a circuit without injury. Its disadvantages 
are that it absorbs a large amount of energy, owing to its com- 
paratively small resistance, and it cannot measure with accu- 
racy a small e.m .f. ; in fa.ot, the readings on the lower portion 
of Boale cannot be altogether relied upon. 

Professors Ayrton and Perry have introduced an instrument 
which is a combination of the Cardew voltmeter and their own 
spring instrament. They attach their spring to the centre of 
a horisontal fine wire, ntilise the sag of the wire when 
heated by the onrrent, to give the necessary small motion which 
the spiral spring magnifies. It appears to be a decided im* 
provement on b!^ the other forms of instmment. 


SANITARY ENGINEERING.— I. 

OAS: ITS MANUFAOTUBS BT PUBLIC COHFANIEa 
By W. T. Pens. 

Tbs first records tiiat we have of the ntUisation of ooal-gae for 
lighiing purpoees date firom about the middle of the seventeenth 
oe n tury ; before that time there axe many legenda, aa we may 
call them, of the riaing tnfiammable gaa from the earth. 
The sacred fires in the East, and hi aome paxta of Euc^, 
doubtisaa firew their anppUea from this aouroe ; and, curionaly 
enough, tiie Ohineae da^ the honour of having used what may 
U termed niteal gaa for illuminating imrpoBea many centuries 
ago. ia>outtbtiaiddtoufthe ie fi B tseathoeptary,aw 


were read before the Boyal Society upon the discovery of 
natural gas in Lancashire ; and abont the year 1800, or a Uttle 
earlier, eome of the more scientific and enteqn^ising finna of the 
day had adopM gaa ’* as the ordinaxy means of Hghting their 
workshops and fairies. Of oourae, they niade it themaelvsa, 
as no public companies were in existence, and we may menticu 
as an instance the factory of Messrs. Boulton and Watt, at 
Soho. 

The first Act of Parliament creating a chartered company 
was paesed in 1810, and in 1818 Westminster Bridge was 
lights with gas. lUnminating gas for commercial purposes 
has been made from coal, rosin, oil, peat, and wood, with varying 
rceulta as to eoonomy and efficiency ; but, as far as the present 
xnaniffaotnre is concerned, eoaUgaa is the only source of supply, 
and it is to some expUmation of the methods employed that the 
present paper is devoted* 

The simple principle upon whi<fii all gas-lighting is founded is 
the exposure of coal to heat sufficient to produce oombustion^ 
in air-tight vessels— i.a., to decompose the eoal by heat, with- 
out the admission of the external w. The volatile portions 
have an outlet provided for them, whioh oonduot them to recep- 
tacles for future use, and the solid matter remaining (ooko) is 
not without its oommeroial value. Ohemioally, all the materials 
from whioh gaa is made consist of carbon, hydrogen, and oxy- 
gen, in various proportions ; and we may take it that 
greater the per-oentage of hydrogen the greater the illu mi nat ing 
powmr of the gas evolved. Oannel coal is,^ for this reason, the 
parent of a gas of much higher illuminating power than 
ordinary Newcastle coal, though, of course, the difference of 
price renders it comparatively expensive ; while gas made from 
oil, especially some of the recently diaoovered hydro-carbons, 
Kftj gtill greater brilliancy. This particular branoh of the 
manufacture, however, may be considered almost in its infancy, 
and has not yet been adopted by any public company to such 
an extent as to warrant notice at the moment. 

The first portion of the process, then, is to submit coal to the 
aorion of beat in an air-right vessel, commonly called a “ retort.’* 
These are made of various forms and various materials — wrought 
iron, oast iron, and earthenware — each having its peculiar 
oharaoteristios us thus employed. Wrought iron, at high tem- 
peratures, undergoes rapid oxidation, as does oast iron, though 
possibly in a leas degree, the latter being far more liable to 
fracture ; earthenware, while perfectly free from oxidation, not 
being so good a oondnotor as the other materials. 

The usual forms of the retort are circular, oval, or b^n- 
shaped, but the form now in most common use may be described 
as the D form, the lower side being slightly curved upwards. 
18 inches wide and 12 inches high, or per^B rather larger, may 
be taken as an ordinary working dimension, and from 7 feet to 10 
feet long, according to oircumstanoes. A group of these retorts, 
from five to six in number, or more, aa the case may bo, are set 
in a furnace, and filled with coal from the end, and as soon as 
they are charged a gas-tight lid is sorewed on the front of each. 
From the top of the front end of each retort rises what ia 
technically called the stand-pipe— i.«., the pipe through whioh 
the volatile products of combustion, i.e., what may be called 
the crude gas — arise. 

Many other forms of retort have been used. Some, in tha 
North, have been oonstmoted of wrought iron, with oast-iron 
bottoms, 4 feet or more wide and It feet high, working off a ton 
of coals in about twenty-four hours. Stourbridge clay is now 
very largely used for the purpose, of course, in much greater 
thickness of matttial than either wrought or oast iron. To 
show, however, that it is specially applicable, we may mention 
that retorts have been made of it 10 feet long and 3 feet wide. 
We believe that it is gradnally superseding the other materials 
for general nse. 

lie arrangement and grouping of these retorts varies, of 
oonrse, almost ttd i/nifiniiitin with the extent of the works of 
whioh they form part, and with the fancy of the engineers by 
whom they are designed. 

But now to proceed. The retorts bring bharged and in work- 
ing, what ia tke quality of the gas delivered by the stand-pipes ? 
This, of oonrse, varies also with the quality of the ooal employed, 
the temperature to whioh ihe retort is subjeoted. The 
higher the temperature the more volatile the produot, and the 
larger the solid remnant; while too low a temperatare, thwh 

leaving less reridue, devrisps a laxge junouiit of an in to 
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fuid oompmtiv^ly OMlest ▼».» ttr ; «iid it is to Mt 

Uie mot nediitm between theee points tbnt the attention ot 
the engineer is directed, as that is the most profitable gas'that 
has the largest illuminating power. The gas erolyed at too 
great a temperature approaoliM somewhat in its proportions to 
the natural sulphuretted hydrogen, wMoh bums with oonsider- 
able heat, but with little light ; and therefore the main objeot is 
to release from the retort the gas the moment it escapes from 
the ooal, before it is suhi^oted to the further heat which would 
reduce its illuminating power. 

We will suppose, howerer, this result to be suooessfaUj 
obtained, and ihat the gas in the stand-pipe is as g^cod as can 
be made. It is not jet fit for use, as it oontains vapour of 
naphtha, and tar, some steam, and oomponnds of ammonia, wi^ 
other impurities, which, if it were sent forward at onoe for use, 
would oondense in the pipes and interfere with the supply, or 
create an offensive smell in the process of combustion. is 
specially the case when sulphuretted hydrogen is present, as is 
often the case ; while when carbonio acid enters into the oom- 
position of the gas its lighting power is much reduoed. llie i 
next process is as under. I 

The stand-pipes above described are generally conducted into 
a cylindrical receiver, into which their ends are reversed, and 
the condensation of tar and other matter, viz., coal-oil, is 
allowed to fill this receiver above the level of Ihe ends of 
pipes thus introduced. When not at work they are thus her- 
metically scaled, and it therefore becomes possible to draw the 
charge of any particular retort without interfering with the 
others. From ^is receiver there is an overflow pipe to the tar 
oistem, so that the oontents are always kept at a certain level. 
The next point is to reduce the temperature of the gas, which 
at this point of course is high, to something not much exceed- 
ing the external air. This is done by passing it through a 
refrigerator, or condenser ; and in the course of this process it 
deposits all those elemenU which it could not retain in snspen- 
sion at the ordinary temperature of the atmosphere. Some- 
times currents of cold air only are employed, and sometimes a 
oiroulation of cold water through what may bo called the double 
jacket of the condenser, which takes various forms in the hands 
of dilTerent engineers ; the result, however, being in all oases 
the same — that the products of condensation thus deposited are 
led away and deposited in the tar cistern ; and the gaa, thus 
reduoed to about the ordinary atmospheric temperature, has 
next to be subjected to the action of the purifier, which has 
to remove whatever sulphuretted hydrogen and carbonio acid 
remain in excess. lime, either wet, in the form of milk of 
lime, or else dry, is the material that has been up to this time 
most usually employed, but now some forms of oxides are coming 
into use, a:^ the quantity of lime is regulated by the quality 
of the gas. Supposing the per-oentage of impurity to be elimi- 
nated IS fi per cent., 35 pounds of lime to the 1,000 cubic feet 
of gas is considered to 1 m about the proper proportion, and, of 
course, the various oaloulations as to bulk, etc., follow from the 
size of the works. 

There are various testa for asoertaining the purity of the gas 
after it has passed through this process, into which we shall 
go further in detail in future papers. The purifier is, in some 
eases, a cylindrical iron vessel, so arranged that the milk of 
lime is oontinually stirred by machinery provided for the pur* 
pose, and wheh it has answe^ its purpose •-t.c., when too foul 
for further use— there is the necessary provision for the removal 
of the fool and substitution of a fresh material. 

Before, however, the gas enters the purifier, it has to pass 
the exhauster, an apparatos invented for the purpose of relieving 
the reverse pressure exerted upon the retorts by the passage 
of the gas through the oylindzioal reoeivor, or hydraulic main, 
and other portions of the apparatus. The means are merely 
mechanical, consisting of various applications of valves, kept 
constantly in' motion by steam-power. This has the effect of 
reducing leakage in the retorts, if there is any flaw, and of 
producing a more favourable oondition of combustion ; as it has 
been ascertained that if subjected to heat under pressure thd 
iUnminating power of the gaa in process of evolntiou is much 
diminished. 

Another method of purifying is by dry Ume, the gaa being 
paesed through a series of sieves upon which it is spiead ; and 
another process has been patmted by which a sort of Arohi- 
iuedlan screw is kq>t oonstiAtly revolving in the Hme liquid, and 


the gat and milk of Ume bring te mom tlmrottghlj mixed than 
by either of the previously described mrikods, a more perfect 
result is obtained. 

The. gas bring thus made, oooM, and purified, it is neces- 
sary to store it, to provide for the neoeisities of consump- 
tion, so that it can ^ distributed as required at an equable 
pressure; and for this purpose are ee mstrue t e d the large 
cironlar gas-holders, populariy and erroneously oeBed gsso- 
meters, whidb are the familiar and distingui sh ing feature of 
all large gae-works. These are oonetrueted of wrought iron, and 
may be oompared in form to an inverted tumbler, as they must 
be invariably provided with a tank of water, into which they 
subside when out of use. Their size is in proportion to the gas 
required to be consumed within a certain time, and there should 
always be a ooniiden^le margin, in ease of any aoeident to the 
retorts or other portionB of tiie apparatus. The action is as 
under. They are snspended and confined in Iheir potion by 
oolumns, generally oi oast iron, on which are pulleys, with chains 
attached, to which are heavy oounterbalanoed weights. When 
empty ikey are down at the level of the water, or nearly so ; 
as they fill, the pressure of the gas gradually lifts them to the 
extent of their oonstmetion. The (ustems in which they work 
are sometimes built of bziokwork, and sometimes of masonry ; 
and sometimes, when the situation of the works renders 
olass of building difficult, a double oistem of wrought iron or 
cast-iron is substitated, between the hmer and outer skin of 
which the gas-holder thivels np and down. 

A recent improvement in gas-holders is the introduction of 
the teleaoopio principle. If made in a single dstem and 
piece, great space is required on the plan, in proportion to the 
quantify of gas ator^; but by ^e inti^aotion of the 
telescopic principle, three times tiie storage can be obtained 
upon the same extent of ground, the three cisterns, one above 
the other, subsiding when empty into the height of a single 
one of the three ; while when full, with gas-tight joints at the 
junotion, they are drawn out to their full height like the joints 
of a telescope. It is rarely necessary td change the water in 
a gasholder, because its surface soon becomes covered with 
a stratum of ooal-oil, which prevents evaporation to a great 
extent. 

Having thus described the manufacture and storage of gas, 
we now proceed to the question of its distribution by means of 
gas-mains ; and, of eourse, the first question is the quantity of 
gas required to be delivered within a given time. This has fre- 
quently been made the subject of experiment, and the results 
have been tabulate : we wiU, however, quote a figure or two, 
showing the results whioh have been thus ascertaiiied. A pipe 
of about 44 inohes in diameter, and 1,000 feet long, will deHver 
2,000 oubio feet of gas per hour, while one of 9 inohes, or 
rather more, 2,000 feet long, will deliver 6,000 feet per hour ; 
the formula being, that under similar riroumstanoes of pressure, 
the powers of tnmemiBsion of different pipes ore directly in pro- 
por^n to the squares of their diameters, and inversely as the 
square root of their length. 

Cast-iron socket-pipes are generally used for the principal 
mains, the joints formed with a luting ^Ith lead, 

driven home by a mallet and ohisel. The lesser pipes for 
house supply are mostly drawn pipes of wrought iron, while the 
smallest pipes — viz., those whioh serve only single bnmers — are 
usually of tin or pipe metal. Into the detail^ description of 
various kinds of burners, gas meters proper — i.e„ machines for 
measuring the quantily of gas burnt — gas regulators, for control* 
ling the pressure, and other similar invenUons, we shall enter 
in some future papers. The industrial aspect of the question 
is a most important one ; it is no exaggeration to say that 
hundreds of millions of pounds axe at the moment invested in 
plant for the manufacture of coal-gas. And to give on idea of 
the extent to whioh enterprise is developing the system in this 
country rione, we may mention that in the session of 1870, there 
were forty gaa billa introduced into Parliament, authorising an 
additional expenditure in that year only of more than ^,000,000, 
wWle in the following aeasion (1871) the number of a i m il ar biila 
inoreaaed to forty-five. 

. Such ia theimportanoe of the manufacture, of which a rough 
outline only has been given, bnt whioh is sufficient to show tllto 
method adopted in its mannlaetate in retorts at the gas-works, 
its storage in gas-hblderB, and ite distribution for gmetal con- 
sumpt^ throui^ pipes of various rises. 
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MINING AND QUAREYING.^IV. 

BT OlOBOX QLADSTOHB, F.0.8. 

COAL. 

WIXHIHO— -BT LXTXL — BT BINBINO — OBOXCB OF ItOCALITT — 
BXNKXKO THB SHAFT — FOBV AMD FITTXMOS — XJHDBIU 
OBOmnO FLAK OF ]UKB>~P08T AMD STALL, AMD LONO- 
WALL 8T8TB1C8. 

Thx mode of getting et the ooel dq;>eiidB upon ilie netnre of 
the ground, and the levd »t which worluble seams ooonr. 
The Bunplest ease la where the oonntry is hilly, and'ihe seam 
to he worked extends above the level of the valley. It can then 
be reached by driving a horisontal gallery or small tmmel from 
the hill-side nntil it oats the seam. A miner, however, would 
not adopt a dead level, bnt would make it rise gentiy from the 
entrance, so that the water should not ooUeet in the workings. 
Thus ihe expense of pumping would be saved. A tramway l^d 
along the gidlery wo^d connect the productive part of the mine 
with the outside world. 

The majority of mines are, however, bdbw the surface, and the 
coal can only be reached by sinking. In this case the excava- 
tion, instead of being 
horisontal, is perpendi- 
cular, and is called a 
ihafi. The sinking of 
a shaft is often a 
tedious and very expen- 
sive operation, and be- 
fore commencing it has 
to be well considered 
where to place it. A 
deep shaft, including 
engine-power, has 
been known to cost 
j 6100,000, and to oc- 
cupy ten years to com- 
plete. 

The shaft in a deep 
mine being the centre 
from which all the 
subsequent operations 
ramify, it should be 
put in the most conve- 
nient situation for the 
underground workings. 

If the ground is broken 
by faults, it should be 



new diitnot powerful engines for this purpose should be pro- 
vided, as it k better to have a waste A power than have the 
woskkgs drowned through inability to keep the water under. 

The dxet portion of the sh^ consisting of loose or broken 
Siatiria1i» a^ liable to contain at times a good deal of water, 
genera]^ needs to be ** tubbed. The process tubbing consxsts 
of haing all the sides of the shaft wilk thick staves of oak, weU 
wedged together in a strong frame, so as to Arm water-tight 
sides. Iron has of late years been subsMtuted for wood with 
great advantage. CSast-iron tabbing ia made in arcs of a circle 
oorresponding in radius with that* of the shaft, having the 
danges by which they are fastened together on the outside. As 
soon as any wet and soft stratum is approached, the segments 
are fixed together round the sides of the shaft, and the upper 
part loaded with heavy weights, so that it sinks down of its OUU 
accord as the labourers dig out the mud or sand from the midst. 
Any number of rows of these segments can be fastened one upon 
another according to the ^th required. 

During the process of sin^g the pumpe are so arranged that 
th^ can be let down |p»tdually as the work proceeds, ^qy 
haxig upon tackle passing over pulleys, and descend by their 

own weight as fast as 
the exoavationa win 
allow; a flexible hose 
is attached to the spout 
in order to convey the 
water to the cistern. 
The arrangement will 
readily be understood 
by reference to Fig. 8. 

At every tweniy-five 
to thirty fathoms a 
cistern is made in an 
excavation of the rook, 
and for that portion a 
permanent pump is 
then provided. In some 
cases lift-pumps, and 
in others force-pumps 
are used. They are in 
almost constant requi- 
sition as long as the 
colliery lasts, and in 
old workings, where a 
large area has been ex- 
cavated, they are kepi 
going night and day, as 


as a general rule it 
should be towards the 

dip and not the outcrop, because the pit sliould drain to the 
bottom of the shaft, and the coal-ladon trucks have to be 
brought to the same point. 

The spot being determined, we will suppose a flrst olass deep 
pit is to be opened up. In order to economise expense, the one 
shaft must serve for pumping, ventilatiou, the ascent and de- 
scent of the miners, and the bringing of the coal to the pit’s 
mouth ; though, if the workings beoamerqi:exy extensive, a second 
shaft would have to be sunk. 

The best form of shaft is the circular, that being the strongest 
in proportion to the quantify of material employed. It is usiuilly 
divided by biattioes into four equal portions. One of these is 
devoted io the pumps, a second to ventilation, and the other 
two to the ascending and descending coal buckets. The diameter 
of such a shaft is usually about fifteen feet. 

The principal difficulties connected with the sinking do not 
consist in the hardness of the rook which has to be excavated, 
because that is a mere question of labour and the use of gun- 
powder. When very hard, several holes are dialed near the 
outer part of the circle and charged; the workmen can then 
come up out of the way of danger, and all the charges be fired 
simultaneously by an electric batteiy. Water is the article which 
gives the workmen most trouble* They are sure to out feeders 
of water, especially at ike junction of different layers of rock, 
and often be^ of very wet sand, which are the most troublesome 
of all. To guard against these eventualities, it is always neoes- 
sary to have pumping power ready, and ip piercing through a 
-M.B. 


proportion as the col- 
liery is opened out. 

The shaft having been thus sunk down to the seam which it 
Is intended to work, the coal is said to be toon. The plan of 
working the mine has now to be laid out. 

This has to be regulated by several oonsiderations, the object 
being to remove as muoh of the coal as possible, but in sutffi a 
manner as to secure a thorough ventilation of the mine, and 
the safety of the miner from the falling in of the root 

The shaft A, as shown in Fig. 9, is sunk near the dip-head, 
so that as the workings are extended the water shall drain 
down to tiiat point ; and in order to collect it, a dip-head level, 
B B, is out in the firot instance. The first working gallery, o c, 
is tiien made, usually parallel to the other, extending from the 
pit bottom right and left. From this the galleries run up 
towards the outcrop m parallel lines, which, as they advance, 
are conpected by others at right angles, so that the mine 
aasameB the appearance of an underground city laid out upon a 
rectangular plan, the blooka of houses being represented by the 
unworked o^. Ko uniform system can, however, be adopted, 
as the plan of operations has to be modified according to the 
special drenmstanoes of every mine. The diagram will serve 
as a specimen of what is called pa/neUworking, with post and 
stall, from a tingle abaft, a plan rather common in New- 
cai^ district. 

All workings may he considered as modifications of the pott 
and tfatt, or of the long-waU system. The latter is more gene- 
ral^ adopted in the midland counties. 

We iHll take post and stall first It has other names, such 



Hi hoard and^PiUoTt in SootliMid tioop cM ♦‘wwi. Tba pSBpijsk 
'or blocks ctf wiir^ghi cool support this roof, and tlie' gafidBil 
between them being oomparatiTelj narrow, anystem of voritUa- 
tion can bo arrang^ by closing up toms ol t^em with.do^, 
wbiob could not be acoompUsb^ wore the knine 
irregularly, and with largo open spaces. Upon the . 
system the whole colliery is Udd ont in panels, of whidh "ohO 
complete one and parts of three others are shown i the 

diagram, with thick walls of ooal betWeen eaoh, porfdeated 
only hero and there, just stiiCdoiently for oommmiioation and 
Tentilation. 'Phe whole mit^e being opened up in this way^ the 
pitmen prote^ to work out the pillars completely, begmnlng 
with those in the furthest comers, where the pressure from 
abore is moat Prided, '^hild these are be^ng rempted, pit- 
props of timber Imre to bo inso&d to support the roof. M 
caoh pillar is cleared the men draw out the props, beginning 
with the most distant one, and allow the roof to fall In, filling 
up the space with broken stone, which is then termed a popf. 
One by one the pillars disapp^, and the goaf extends, uni^ 
the whole of the coal has l^on worked out of the panel, the 
panel walls in their turn being worked away as far as possible, 
so that very little coal need bo ovontoally lost. 

Upon the old system the passages used to be ma^ finioh 
wider, and the pillars only large enohgh to airport thh rCCf t 
b^t that arrangement has several diflhd^amtafteiri ^ The- Whole iof 
the weight being thus loft to rest'tipch a alu^ihrea, the*|ni]i 
were sometimes forced down into the floor^ wl^ch would bulge 
upwards and form a creep ; ofiS^ taoi'ynaa i^^ WCold 
be apt to break away ax^ fiUi up the passage^, Whith trPuM 
be a sit. Theae are both rexy difficult to oure^ and are very 
objectionable, as 'they not Only prevent the passage of. the 
workmen, but also derange the systems of droiii^ and wmtila- 
tion. ' - 

Hie two galleries w, which run directly fromf the 

shaft towards the crop, are termed tho winnin(/ hoadvmpi nHbidh 
is always carried rather in advanoe of the other 
is the main ohannel of oommunioation, by which the ^oal'from 
the more distant parts is brought to the pit bottom, and' which 
also brings the heated air, after liaving made Its through 
the workings, to the upcast shaft. This headway is, of oonrae, 
kept in offectiTe oondftion throughout the progress of the mine. 


ooal-seam being thoroughly o^Mred as the work prooeeds ; but 
as it is of the greatest importanoe that ^ shaft should not be 
liable to tee least disturbance, which might easily stop the 
colliery altogether, and endanger tee lives of tee men, a solid 
moss of coil is always left untouched immediate^ round tee 
pit bottom. , ' , 

lELECtKlOAL ENGINEERINO— XVIIL 

* BV XDWARD A. O’KBBIWB^ B.B., ▲«8.T.b;, 
iDemousirator in Bleotrloal Engineerhig, City and OuiLds cf Lendoa 
Technical College, Finsbuxy. 

OHM'S LAW-EFFSCTIVE BBSISTAITCE OF 
IN SERIES AND 

POWER OF A SHUNT^ONSTBUOHON OF A SHUNT BOX. 

Thb current in amperes fiowing bi any circuit is equal, accord- 
ing to Ohm’s Law, to the total B.K.y. (in volte) divided by the 
total resistanpe (in ohms) in that circuit. This law is nsiu^ 
stated thus: — « 


where c = tee current in ampdres, 

' „ n =: tee total b.m.p. in volte, 

„ B =r tee total resistance in ohms. 

Whpn flowiiig through a single conductor, the ourrent has 
exaOtfy the same strength at every point of tee oirouit through 
which it flows, no matter how rmnote the point may be from 
tee source at which the current is generated. If we take tee 
case of a wire a mile long throui^ which a ourrent is fiowmg, 
and insert an ampere-meter at different points along that line, 
it will bo found teat the indications of tee instrument will be 
exaOtiy the same at all points, provided the insolation of the 
Unit is so perfect teat there is no appreciable loss of current by 
leakage. The same 
strength of our- 
rent which leaves 
the generating 
source at one pole 
must of necessity 
return to it at tee 


and is the Imit part teat would be touched. 

Tho principles upon which tho ventilation of such a coHiexy 
would be conducted are indicated by tho arrows, the passage 
being Closed by doors whore the oross lines occur. Tharu la no 
difficulty in establishing a ourrent of air in a deep pit, beoanso 
the temperature at tho bottom of tee shaft will be naturally 
much higher than at the top, and the shaft being divided into 
segments, the hot air is made to pass constantly up one of thorn 
(o^led the upoast shaft) by having a furnaco at the pit bottom 
oonneoted with that segment, whilo tho fresh air from abovo 
oomhig down the downcast sh^t, is conducted at once inte' tee 
galleries. 

Upon long-wall syatom, the dip-head level, the. winning 
out walls right and left, and the winning headway must first be 
made as before ; and then commencing at some little distance 
from tee shaft, would be driven parallel to ooe 

another. Hie miner teen proceeds at once to clear ont the 
coal between eaoh gallery, allowing the roof to fall in 4^l he 
prooeeds, except wherever it may bo neoeseary to keep a passage 
open for the sake , of ventilation. The mine thus presents a 
series of long walls, and tee pitmafi holes or undermines the 
coal with his pick as deep as he can reAoh right along tee line 
of tee wtdl, when tee pressure from aboye — ^beie being no 
support on the other «de-~readily breaks the ooal up ; or if it 
show prove too firm it is broken down with wedges. On this 
plan, therefore, the miner is oonsfafitly Working with a falling 
roof almdit ixnmediatelj behind him ^ but upon tee whole it is 
not found to be more dwgeroat than te^ other system, while it 
is rather more eednoihioal of coal. If. tee ^^oof teould to 
be tender, it to shofed' up with props to a siiffioient distance to 
protect tee mOn, or they make a supporting wall of the blocks 
of Stbne which can be got out of the goal. Those passages 
which require tp be retained are penupment)y. W^^ 
stone, so as t6 keep thd roof entire, ' in this mm of woteing 
tee alr-passagei' ate firequiently tia^p ip crost, one * ‘ " 

under the other thronn^ a little timheL tee 

method tee workings are oarried froM' tee ahaft outwhiaa^ tbs 


other. When the 
oirouit consists of 

a number of con- f \ ^ / 

dttotors arranged 1 

in parallel the our- J 

cording to a defi- Sfi.—fliHPn® circuit. 

nite law, into as 

many portions as there are separate oonduotors, while tho 
strength of eaoh ourrent depends upon tho resistance of the 
oondnotor through which it flows. 

The simplest case is that illustrated in Fig. fi9, where the 
whole ourrent that leaves the generating source, a d, flows 
through a single oondnotor, be. 

Lot E. = the B.u.F. of tee generator, 

,, pz=: the internal resistance of the generator, 

„ B — resistance of the single conductor, 
c = tho current flowing, 

then, by Ohm’s 


The case in 
which a number 
of oonduotors are 
joined in parallel 

© is iUustrated In 
Fig. 40. 

As in tee pre- 
vious case 

g. OtBOUZT. n ---JL m \ 

^ B 

Where b reprteuiiti tee totel effective reetotaneO between tee 
peinte totinced d hhflb. Hkii tehtoUnoe, B, to at preeent an 
"flnlmbWff ^<ptentity> but Its taliie oair be oalonia te d whan we 
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know tho miiiMioe of each of the oondooton joining the two 
points i 

Y ==: the xedsiimde of 1, ±z the;oiirreiit in it« 

▼ rr the B.v.r. working betw^n the points a and 6, 

,, 0 — the total onrrent flowing. 

Now olearljjr o S| + 4- ^ + Oj + c<i • • C^O 

Bj Ohm's Law 

■ B 

and applyixv it to the upper branch of the pacMllal oiroiut wo 

V 

and in a xnanner we get the equations 


Y ▼ V V V 



Sabstitating theee valnes lor the onrrents in the separate con- 
dnotore in equation (in.)» it beoomes 


V V V V V V V 



and diYiding throngh by v it beoomes 


which may also be written 

^ . (V.) 

, - , - ^6 

This role may be stated in words by saying that the total 
effeettoe resiatomes ia equal to the reci^ocal of the sum of the re- 
cijproeala of the eeparale reeitlancee joining the two points. 

When the two pmnts are joined by any number of oonduotors 
in seriest the total effective resistance is equal to the sum qf the 
separate resistances between the points. 

When two oondnotors, Tj and.r,, are in parallel^ 


or, the effective resistance is equal to the product of the seperrate 
resieiainees dinided by their sum. 

It freqnen^ happens that in a oirooit it ie necessary to 
insert eome pieoe of apparatus whioh requires a smaller current 
than that which is flowing in the main circuit. This may be 
done by placing the apparatus in the main circuit and with it 
a certain resistance in paraUeli whioh is called a shunt. The 
main current divides into two portions, one of whioh flows 
throngh the apparatus, and the other through the shunt. The 
Htrength of each of these currents may be ooJoulated when we 
know the resistanoes of the apparatus and the shout ; thus : — 

Let o := strength of original current, 

«» Og = strength of current paasing throng the apparatus, 
„ c«s=: ^ „ shunt, 

„ o = resistance of the pieoe of apparatus, 
ft 8 ss ,, ,, shunt, 

then dnoe the total ourrent divides tlurough the two oonduotors 
in the inverse ratio to their resistances (according to Ohm's 
Law), therefore 

8 

c, o 
or, 

€g B 

0^+^ = but 0 = < 



a-) 

(11). 


' Bquatkm (I.) gives the vslCe of the current flowing through 
the apparatus in terms of original current, and the resistanoes 
of the appaocatus and shunt, thns snfumingrthat the strength* of 
the main ounmt is known; bubthe'mostrnsefnliappUflaUon of 
this law ooours when the pieoe of apparatus is abme measuring 
inntmmenti snoh aa a galvanometer or, amperemeter d known 
resistanoe, inserted in the circuit for the pttrpo•a^af measuring 
the strong^ of the main current, and whi^i is .too sensitive to 
be used in the main circuit without the additioU'of a Shunt. 
Bquation^n.) then gives the value of the maha puseant in terms 
of the current flowing throngh the instrument and tibO restsiancep 
of the instrument and shunt, allnf which are known quantities, 
o -f* 8 

The fmtion — ~ — is known as the mulUpVyi^ power qf the 

shunt. It is that number whioh, if multiplied by the ourrent 
flowing through the instrument, represents the total current 
flowing. Qalvanometers are usually provided with a shunt-box 
containing three shunts, so as to allow then^ to be used with 
four degrees of sensitiveness. The resistanoes of the shunts 
are so arranged as to give multiplying powers of either 10, 
100, or 1,000; that is to . say, to^al^w either Ath, i^th, or 
y^^th pert of the main current t6 pass through the ^vano- 
meter. When -|\;th port of the total ourrent pbenes through 
the galvanometer we have 

Q -r H 

8 

a 

. . o — 9* 

Or the resistance of’ the shnn^ must be |th that of the gal- 
vanometer. 

Similarly, for multiplying powers of TOO and 1,000, the 
resistanoes. of the shnnts used most be ^th and v^th the 
resistanoe of the galvanometer. 

41 shows the usual arrangement of the shunt box. It con- 
sists of a small wooden box, 6, with an ebonite , top, out of which 


Kg. 41.— SHUNT BOX. 

rise six oironlar ebonite pillars, p p p p, suppoi^ing five rectan- 
gular brass blocks, o, p, b, f, and A b, by Uieatis of which the 
ooniieotlons axe ma^. 8 ti^ 8 ate tendiisls to whioh are 
fastened tiie>iwo wires leading from the galvanometer, as well 
as tboiie leading from the main circuit. The shunt having a 
tisistanowof a, is soldered between the blocks o and d, the 
Vpth shunt between o and b, and the shunt between o 
''andop. 

If n brass plug be now inserted between the blocks o and a b, 
•ll<the bttrrsnt will pass through it, none, going throufld^ the 



s 



100 


the technical educatob. 


g»lT«Bom«ter» irbiob is then ssid to be sbori-eiroiiiisd. If ilia 
plug ba insortad batwaan the blocks o and ab, onlj i^jth pairt 
of ^ total mmant will pass throogb the gslvaiiometer, tba 
samaining -Aiths passing i^ogh tha ooil markad i. Similacly, 
iisd the pliv haen inserted between the blocks jb and A By or r 
and A B» only or would bare flowed thi^b 

Ilia gslvanometer. 

j/bB one ping necessary has a round ebonite handle, i, flat- 
tened towards the top for conTanience in twisting, and ont of 
its lower end projects a solid brass ping, p', on which slides 
a brass collar, c c, which is kept pressed down by a light spring. 
When inserting this ping the collar fits orer two brass pitia 
which are sitnated, one in each block, near the plng-holes. This 
cap thns holds the blocks together, notwithstanding the ontward 
pressure caused by forcing tha ping into tha hole. 


BUILDING CONSTRUCTION.— XVI. 

BOOFS (eoTUmuid). 

Tbb following terms are constantly need in relation to roofs, 
and the explanation of them here will be fonnd of service to 
the student .* — 

WalUplatea are pieces of timber laid on the wall in order 
to distribute the pressure of the roof equally, and to bind the 
walls together. Were it not for wall-plates, Iho tie-beams of a 
roof or ^e joists of a fioor woold rest on single bricks, whilst 
the spaces between the joists would not in any way assist 
in bearing the load. The wall-plate lying on the whole length 
of the wall, therefore, spreads the pressure over all the bricks, 
and the trusses, or joists, rest on a frame of timber. 

Trusses are strong assemblages of timber, generally of a 
triangular form, serving to support the purlins on which the 
common rafters rest. They are disposed at equal distances, and 
are used when the expansion of the walls is too great to admit 
of common rafters alone, which would be in dimger of being 
bent or broken by the weight of the covering, for want of some 
intermediate support. 

They are variously constructed, according to the width of the 
building, the contonr of the roof, and the circumstances of the 
walling below. 

Tie , — Any piece of timber connected at its extremities to 
two others acted upon by opposite pressures, which have a 
tendency from each other, or to extend the tie as a ropo 
or chain. 

Stravnvng^pieee , — A piece of timber connected at its extremi* 
ties to two others acted upon by opposite forces, which tend 
to press them together. Ibe straining-piece, by being placed 
between them, servos to keep them apart, and, further, acts as 
an abutment for the external pressure. | 

Hence a tie and a straining-piece act in a manner exactly 
opposite to each other — the one draws the ends of two pieces 
of timber together, the other keeps them opart. A rope, chain, 
or iron rod could be used for ^e tie; but the straining-piooo, 
which has to bear end pressnre, must be always stiff and 
inflexible. 

Principal rafters, or, as they are sometimes called, “ princi- 
pals,’' ore the two pieces of timber which form the sides of 
a truss; their lower ends being mortised into the end of the 
tie-beam, or resting in an iron shoe, whilst their upper ends 
abut on and support the head of the Idng-post. 

Purlins . — ^Horiaontsl pieces of timber resting upon the prin- 
cipal rafters, and at right angles to them ; they pass from truss 
to truss, and across these again are laid the 

Common rafters, which are pieces of timber of a smallmr 
section, placed at equal distances across the purlins, parallel to 
the principal rafters. They support the boar^g or battens to 
whi^ the slating is fixed. 

The tie-beam is the horizontal pieoe of timber which forms 
the base of the triangle or other fi^re of which the truss may 
consist. As ahready mentioned, it reoeives the ends of the 
principal rafters, and is strapped up to the king or queen posts. 
The tie-beam answers a twofold purpose*— -vis., that of prevent- 
ing the walls from being pushed outwards by the weight of the 
covering, and of supporting the oeilhig of the room below. In 
some cases it is found desirable not to place a tie-beam at the 
foot of the rafters, but to use it as a oonneoting link higher up, 


something like the horiaontal line in the letter A ; in tide oaaa 
it is called a eollar-heam. 

King-post — ^This is an upright pieoe of timber in the middle 
of the truss. Its upper acts as a key-stons of an arch, 
against which the propels abut, and, bekg thns supported, 
the rie-beam is strapped or bolted up to its lower end; and thus 
not only is sagging or sinking prevented, but abutments are 
formed for struts, which give support to the prinoipsls in points 
between the tie-beam and the king-poet. 

Queen-posts. — Upright pieces of timber, framed above into 
the principals, and supported by a strai^g-pieoe or strut, 
whilst to Iheir lower ends the tie-beam is bolted or banded up 
at points between the wall-plates and the king-post. Some 
trusses are oonstruoted withoA king-posts; queen-posts only 
being used. 

Struts are oblique straining -pieces, framed below into the 
king or qneen posts, and above into the prinoipfAl rafters, 
which are supported by them; or sometimes they have their 
upper ends framed into beams which are too long to support 
themselves without bending. They axe often called braces. 

Puncheons axe short transverse pieces of timber fiixed between 
two others for supporting them equally. They axe sometimea 
called studs. 

Straining-beam. — A pieoe of timber placed between the queen- 
posts at the upper ends, in order to withstand the thrust of the 
principal rafters. 

Straining-sill. — A piece of timber placed between the lower 
ends of two queen-posts, upon the tie-beam, in order to with- 
stand the force of the braces, which axe acted upon by the foroe 
of the covering. 

Camber-beams. — Those are horizontal pieces of timber, made- 
sloping from the middle towards the ends on the upper edge. 
They are placed above the straining-beam in a tmnoated roof, 
for fixing the boarding on which the lead ia laid. Their enda 
run three or four inohes above the sloping piano of the common 
rafters, in order to form a roll for fixing the load. This i» 
shown in Fig. 154 in the next page, which is the roof-truss of 
the ohapel of the Boyal Hospital at Greenwich, constructed by 
Mr. a Wyatt. 

Auxiliary rafters are pieces of timber framed in the same ver* 
tioal plane with the principal rafters, under and parallel to 
them, for giving additional support when the extent of tho 
building requires their introduction. They are sometimes 
called principal braces, and sometimes cushion raft&rs. 

Joggles. — The joints at the meeting of struts with king-posts, 
queen-posts, or principal rafters, or at the meeting of the rafters 
I with king and queen ])Osts. best form is ti^t which is at 
' right angles to the length of the stmts. 

Cocking, or Cogging. — The particular manner of fixing the tie- 
beams to the wall-plates. One method is by dovetailing ; the 
other is by notching the under side of the tie-beam, and cutting 
the wall- plate in the reverse form to fit it. 

Ridge-tree.^A piece of timber fixed in the vertex of a roof, 
where the common rafters meet on each side of it. The upper 
edge of it is higher than the rafters, for the purpose of fixing 
the lead which goes over it to cover the ends of the slates 
in the upper course. 

Straps. — Thin pieces of iron mnning across the junction of 
two or more parts of a trass or frame of oaxpentry, branching 
out from the intersootion in the direction of the several pieces. 
They ought always to bo double — viz., one on each side of the 
timbers, and their ends strongly bolted to each of the pieces. 

The uses of these varions parts will be illustrated in the sub- 
sequent examples; bnt it must bo understood that though 
every one of &em may be found in the same roof, it is not 
necessary that any oompleto roof should have them all. The 
introduction of many of them dopenda on the distanoe of the 
walls, the contour of the roof, the partitioiui below, the quantity 
of head-room wanted in the garrets, eto. 

Fig. 154 is the truss employed in the roof of tho ohapel of 
the Boyal Hospital at Greenwich, already alluded to. 

It ia oonstruoted with two queen-posts, B b, and has two 
stmts, 0 0, from the foot of the queen-posts to the straining- 
beam, D, and wbioh abut against a second straining-piece, x, 
underneath the first. The tie-beam, A, is also farther suspended 
from the straining-beam by an iron B, whtoh answers the 
purpose of a king-post. 

The trusses are seven feet clear apart. The platform is 



BUILDING OONSTEUOTION. 


101 


ooreved with iMd* iHiioh is mpported hj licoHuKKotal beams It is soaroelj neoessaij* to remind the stadent that idie lae- 
6x4 inohee* Ihe timbers of this are well disposed, and beam must be dnwn first, then the qneen-posts, the prinoipal 
oentfttl^ perhf 4 ^ less wood than most roofs of the same dimen* raftm, and the stmininir-beam ; afterwards the struts and 
sions. strainixkg-pieoe ; then follow the iron rod, the oamber-beam, the 

The following are the aoantlings of the variou timbers, whioh , purlins, and the ooTering. 
are given to enable the stadent to work this esample to a ' Fig. 155 is the roof of St. PanPs. Ccnrent GNurden, Londcm, 



regular scale, and whi<di should not be smaller than a quarter of designed bj Mr. Hardwiok, and oonstruoted bj Mr. Wapshot, 


an inch to the foot : — 

d, the tte-beam, 57 feet long, the spaa of the inches. 


wsUa heing 51 feet 14 x la 

qneen-posts Oxia 

C 0^, brsois or stmts 9 k 7 

B, stniniag-beam 10 x 7 

strsiniiig-pieoe 6x7 

F, prindpsl nfteie 10 x 7 

Cteaah^besmfor pktfovm ... 9x7 

B, Iren rod snpportbif tie-hesm 8x a 


in the year 1796. 

This roof, plthongh of the same general oonitmotion as the 
ohapel of the Boy^ Hospital at Ghreenwioh, varies from it in 
several partionlars. 

There is a second pair of principals, H K, whioh are supported 
on the lower, v f, by studs, and &e lower principals thus be- 
come only auxiliaries. The queen-posts, B b, ore oontinued up 
to the principals, and a king-post, D, is carried from the apex 
to the straining-beam. 
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The following Bcantliiiffs aro given for tho Btiine reaeoh as 
in iho liMBt case t— inches. . 

A| the tie>bMxn, spanning 50 feet 2 Isohiee .*• ... 16 x 12 

B, <|n(^n«poats ... .k. 9 x 

C, Btraining-bcam 10 x 

B, king.poat (14iuohetatthei0ggle> 9x 

E, struts 9 X 

F, auxiliary rafters nt bottom ... ... ... 10 x 

H, principal rafters at bottom ... 10 x 

J, Btuds supporting the prindpals 8 x 

It will bo seen that this roof oonsista of an ontor tnus snp* 
poiW by an under one, the whole projecting seven feet beyond 
the walla. 

Fig. 156 repwsents the present roof of Dmi^ Lane Theatre, 
London. Hero aro both principals and anxiliary rafters, the 
tie-beam being suspended at two x)ointa from the former, and 
two from the latter, the two first qneon-posts being the inner 
ones. Those aro kept apart by ’^e straming-beom, against 
whioh they are pressed from the outer side by the auxiliary 
rafters. Struts are placed between the feet of the principal and 
the heads of the secondary queen-posts, and the bearing of the 
sub-rafters is still further reduced by a stmt from the foot, and 
on the other side of the small queen-posts. The straining-beam 
is supported by a king-post, from the apex of the principals, 
whioh in their turn aro supported by struts from the foot of the 
king-post, the other portion having a oontinnoos bearing on the 
auidliary rafters. 

Fig. 157 shows how tlio timbers are joined and strapped at 
the top of the queen-posts, the whole being tightened up by iron 
wedges at the lower end of tbo iron strap, os already desoribed 
in relation to king-posts. 

Fig. 158 shows bow the ends of tie-beams aro strengthened 
by saddle-pieces, and bow the principal and auxiliaiy rafters 
are inserted and bolted on to them. It will bo observed that 
the heads of both the bolts pass through the same iron plate, 
whioh is bent at the oblique part of the soddle-pieoe, so that 
the head of the bolt may bo at right angles to its length. 

The method of drawing both the last figures is so precisely 
similar to the previous example, that no further instruotions 
tti-o necessary. 

CIVIL ENGINEERING.— VII. 

BY B. O. BABTHOliOMBW, C.B., H.8.1C. 

CANALS. 

Cromford canal, constructed by Jesaop, and completed in 
1798, offers some points of interest to the engineer. The 
width at the top is 26 feet, but in the Kipley tunnel it is oon- 
trootod to 9 feet at the surface of fho water, and from thence to 
the crown of the arch the height is 8 feet. The tunnel is 2,966 
yards long, and thirty-three shafts were sunk in its oonstmo- 
tion, some of which ore 210 feet deep. The cost of the work 
averaged £7 per lineal yard. An aqueduct bridge, 200 yards 
long and 80 feet high, having a span of 80 feet, oonveys the 
canal over the Derwent. The supply reservoir over the Ripley 
tunnel has an area of 50 acres ; it is 12 feet deep, and contains 
2,800 loeksfull of water. The embankment of the reservoir is 
200 yards long, 156 feet wide at the base, and 12 feet wide at 
the top. The cost of cutting and wheeling the clay to form the 
reservoir was 8^d. per yard cube, and for gravel 4|d. The 
entire canal cost JS80,000. The boats navigating it are 80 feet 
long, 7 feet 2 inohos wide, and 3 feet 4 inches deep. They draw 
2i feet of water when loaded with twenty-two tons, and only 9 
inches when empty. 

One of the more important canals in this country, before the 
development of the railway system, is the KUeemere and 
Ohester, oozmeoting the Severn, Dee, and Mersey. The entire 
length is 108 miles. The most important feature of this canal 
is ^e aqueduct over the Doe at Pont Oysyllte. It is 125 feet 
high, the supporting pillars being 52 feet apart. The aqueduct 
oonsists of a eaet-iron trough, 820 feet long, 20 feet wide, 
and 6 fwt deep. The earthen embankment wj^oh meetii the 
aqueduct attains a perpendionlar height of 75 feet at the point 
of meeting, and the whole aqneduot, inoluding the trough, is 
1,007 feet long. The piers snppor^g the trough have their 
fii^dation in hardLsandstohe, and are 20 feet by 12 feet at bottom, 
tapering to 18 feet by feet at top. They are built solid for 
70 feet from the foundation, and hollow, with 2 feet thickness of 


wall and one cross inner wall, for the reraainiag 50 feet. The 
water-way has a width of 1 1 feet 10 inohes, the towing-path, whioh 
is 4 feet 8 inches wide, standing upon irou pillars over the water, 
by whioh simple and excellent arrangement there is no enoroaoh- 
ment upon the water-way. The oaet-iron plates fennning the 
sides of the trough are strongly riveted to the bottom plates, 
and, wherever possible, ties and braces are introduced. The 
overhanging towing-pa^ is itself a souroe of great strength to 
the side. In Fig. 13 we show a section of the oast-iron trough 
and towing-path. The entire trough is embraced within the 
four letters abcd, the towing-path extending from a to b, 
supported by the pillar E b^ ; the oroes-bar x acting as a 
brace or tie. The nprig^ht A if shows the protecting rail of the 
towing-path. The entire cost of the aqneduot and embank- 
ment was j247,018 6b. 7d., of whioh sum the iron-work cost 
rather over i2l7,000. 

An important oani^, the Gloucester and Berkeley, enables 
vessels of 400 tons burthen to pass up the Severn as far as 
Gloucester. It commenoos at Sharpness Point in that river, its 
entrance being protected from the south-west winds at that 
locality by a breakwater. The minimum depth of water 
throughout this oanal is 18 feet. 

The Grand Junction Oanal, with its many nunifioations, 
forms by far the most important system of internal navigation 
in this island. The 
total length of the 
system united by it 
is between 300 and 
400 miles. The Blis- 
worth tnnnel, near 
Northampton, is an 
important piece of 
engineering oonnect- 
ed with this oanal. 

It is 3,080 yards long, 

16.^ feet wide, and 
has a depth of 7 feet 
from the water-line 
to the bottom of the 
inverted arob, and a 
height from Uio same 
level to the top of 11 
feet. The side walls 
I are segments of a cir- 
cle of 20 feet radius, 
and the top aroh 
one of 8 feet radius. 

The sides and top 
are two bricks thick, 
and the bottom ij^ 
bricks. The mortar 
was oompoeod of 1 
bushel of blue-lias lime to 3 of sand. At 6 inohee below the 
water-line on each side of the tunnel are rails of fir, 5 inohes 
square, to keep the barges off the waUs. These are fixed by 
pieocs of oak let into the briok-work, standing 9 inohee off the 
wall. At every three yards a block of wood is fixed to the 
upper side of the raii, to act as a point for the bargemen to 
place their poles against. The soil through which the tunnel 
is out is a hard blue clay, and cost .£15 13a. per running yard. 
The cuttings forming the approaohes to the tunnel ooet lOid. 
per yard cube at one end, and lid. per yard cube at the other 
end. 'Iho headings for the tunnel cost 86 b. per yard ran at one 
end, and 42 b. 6d. at the other end. The tu^el pits or shafts 
were nineteen in number, some being 60 feet deep, and cost, in- 
cluding steining, 30s. per yard run in depth. The entire cost 
of the Grand Junotion Canal was two millions sterling. It is 
90 miles long from Braunston to Brentford, whore it enters 
the Thames, the width at bottom being 28 feet, at the surface 
of the water 42 feet, and the depth 4 feet 6 inohee. The 
chambers of the locks are 80 feet long, and 14 feet 6 inohes 
broad. There are eight snpply-reservoin for feeding the looks, 
each reservoir containing about 9,000 oubic feet of ‘water, and 
capable in the aggregate of re-fiUing; a single look 17,000 toes. 
It is worthy noiioe that the reservoirs not being ^ upon the 
same lovel, and there not being an independent supply to aaoih, 
the water is pumped by steam-power from the loiw to^the 
I higher ones. 
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Th^ Sliropsbire Cniial, from Coalport to Donaiiigtoii Wood, 
is the first eaaal cm which the system of iadiiMd phmes was 
iottOduoed. The originator was William B^nolds, of tim , 
Ketlsy hron worhs. The coantry orer which this oanal passes 
possesses a great seardty of water, not enffioient to work locks. 
Hence ^ inoHned phu^ weih introduced. On the banks cl 
the Betem is one of ihesS planes 850 yards long, haTing a per« 
pehddotilar height of 207 leet. A strong doable line of rsdls is 
laid tit>on this plane to reC^Tc the boats with their carriages. 
The boats take a load of 5 tons, and when ikey arrire at ^e 
samxhit of the incline, pass by a level canal, 1] milee long, to 
the bottom of a second inoli^, 600 yards long and 126 feet 
high, where they enter a second level oanal, which forms the 
snmmit of the system ; after which the boats descend by other 
inclines to the other extremity. 

The Thames and Medway Canal has a tunnel — ^now filled np 
and need as a railway--^f 2^ miles in length. This tnnnel is 
driven through chalk of a very variable chapter, being in some 
places so soft as to cnimble away before the miner, and in 
others so dense as to need blasting. The soil bad in many 
spots to be supported by timber struts before the brickwork 
was built in : this varies from 14 to 18 mches. As the vaulting 
advanced, the space above the brick-work was filled in with 
chalk and lime mortar. The cutting of this canal, and the 
shafts connected with it, caused the water in the purrounding 
wells to sink so low that they had to be deepened to obtain a 
fresh supply ; and when the salt water was admitted from the 
tide-ways, it pervaded the chalk and injured the quality of the 
water in those wells, the company being put to great eij^enso 
in consequence of the damage. Tke widtii of water-way in the 
tunnel is 21 feet 6 inches at top, and 20 feet at bottom. The 
depth of water is 8 feet, the towing-path being 3 feet above the 
water. The greatest width of the tunnel is 30 feet. 

The Hareoastle tnnnel, upon the Totney Haven Navigation, 
was oonstructed by Brin^ey. It is 2,888 yards long, and being 
0 foot wide, and only 12 feet high, it was necessary to propel 
the boats by employing a olass of men called ^Meggers,** who, 
lying upon their backs upon the freight, pushed against the 
sides and top with their feet. It occupied two hours to push a 
boat through in this manner. A second tunnel was oonstructed 
in 1824, by Telford, at a distance of 26 yards from Brindley’s, 
and is a few yards longer than his. The width is 14 feet, and 
height 16 feet ; 4 feet 9 inches of the width is oooupiod by the 
towing-path, but as it is supported over the water in the samo 
manner os that in the aqueduct at Pont Cysyllte, the water-way 
is not interfered with. The mortar with which the bricks are 
sot is impervions to water. Nearly 9,000,000 brioks were used 
in the oonstmotion of the tunnel, shafts, and onlvorta, and the 
total cost of the work, whioh soaroely ooonpied three years in 
completion, was ^12,681. 

Looking abroad, we find various sohemes have been proposed, 
and in some instanoes carried out, for cutting canals through 
short nooks of land, whereby thoosands of milos of ocean navi- 
gation might be avoided. Amongst those that have been pro- 
posed is the Darien ship canal, intended to obviate the tranship- 
ment of freights passing between the Atlantic and Pacific 
Oceans, without the alternative of passing round Capo Horn. 
The first idoa of suoh a sohemo dates from 1771. Many surveys 
of the isthmus have been made from time to time, and particular 
attention paid to the northern poVtion, in consequence of the 
Lake of Nicaragua offering an apparently favourable feature in 
a line of navigation at this part. This extensive lake has an 
average depth of fifteen fathoms, and is separated from the 
Pacific sea-board by only 15 miles of land. This land, however, 
consists of a mountain ridge 615 feet above the Padfio, and 487 
feet above the lake ; and to out through the ridge for a canal 
30 feet deep and 50 feet wide — the dimensions necessary for a 
ship-canal — ^woi^d necessitate the excavation and removal of 
nearly 5,000,000,000 oubio feet. Moreover, the ridge is V(4- 
oanio, and it woi^d be impossible to obtain a supply of water 
to fe^ a oanal if, as an alternative to suoh a cutting as that 
alluded to, a pori^n of the ridge were overoame by look^, and 
the oanal cut only through the uppw portion. The lake is oon- 
neoted with the Atlaatio by the river San Juan, whose length 
from the lake to its mouth is 119 miles. There are no catara^ 
or falls-in the river, but a few rapids $ it is at all '^os navi- 
gable for boats drawing from 8 to 4 feet of water, whilst the 
fall averages 1 foot per ^e. It might therefore appear prao- 


tksskle to improve the navigation of the, Sou luan ao as to. 
make it available for a canal, but the apparently insuperablo 
obeiariee presented by the ridge upon the west coast mskes thiH- 
admitage of no avail. Another survey of rius route was made . 
it 185041, in whioh it was proposed to out a canal 28^ miles < 
long, wiih 6 locks, on the Atlantic side of the lake, and to. 
canalise the San Jnon by means of 7 dams and 8 locks. The 
communication between the lake and Brito, on the Pacific, was 
to be eflboted by a oanal I 84 miles long, with 14 locks. The 
summit of the ridge to be out through on the Paoifio side was 
found to be 46 feet above the lake, and the vridth of the ridge 
to be 8 milee. An artifioial harbour would have been required 
at Brito. The whole length of the navigation would have been 
194 miles, of whioh 56i miles would have been by Lake Nica- 
ragua, and the estimate for a oanal 20 feet deep would have 
been ^10,000,000 sterling. Had this canal been constructed, it 
was estimated that a vessel could have passed from the Atlantic 
to the Paoifio in 77 hours. The objections to this route ore so. 
great and so numerous that the idea was finally abandoned.. 
Amongst these objections are the fearful insalubrity of the-, 
climate, owing to the swampy character of the banks of the 
San Joan. Upon this point it may bo stated that Lord Nelson 
mentionB that in 1779, when captain of the Hitchvnhrookf he 
was engaged in an expedition to take the fort of San Juan, and 
the cities of Qranada and Leon, and in one night, out of a com- 
plement of 200 men, 87 took to their beds, and not more than 
10 of that crew snrvived, Nelson himself being carried ashore 
at Jamaica in almost a helpless state. The frequency of 
earthquakes, and the breaking ont of fresh volcanoes, would 
also render any works undertaken very insecure in this 
district. 

^ Another gigantic scheme, due to tlio fertile brain and anda-^ 
ciouB enterprise of M. de Lesseps, is that for uniting tho Af.1n.Ti. 
tic and Pacific Oceans by means of tho Panama Canal. The 
works in connection with this nndertaking are now in progress, 
and are likely to remain so for several years. 

Taming from such problems, wo shall oonolndo the subject 
with a short reference to that most important, perhaps, of all 
canals, the Suez Canal. This vast engineering work is made 
large and deep enough for a ship-canal, and by enabling 
vessels to avoid the passage round the Cape of Good Hope, 
saves 3,000 miles on the voyage to India. It is 85 miles long, 
extending from Port Said, on the Mediterranean, to Sues, 
at the northern extremity of tho Kod Sea. Two distinct 
engineering works are comprised in the works undertaken by 
M, Lesseps — namely, tho oonstmotion and maintenance 6f a 
broad and deep water channel on one level between the above 
named points, and also the maintenance of a supply of fresh 
water for the wants of the population congregated aJong the 
lino of tho canal, and ospebially at tho two extremities. This 
latter undertaking was necessary in consequence of the avoid- 
ance of the Nile in any of its branches, and from the saline anrJ. 
arid oharaoter of the country through whioh the oanal passes. 

Tho oonstmotion of enormous jetties became necessary at 
Port Said, in order to protect tho harbour, or oanal entrance, 
from tho action of tho prevailing wind— the north-west. These 
jetties are formed of immense blocks of artifioial stone, each 
weighing 20 tons, and were constructed on the spot. From 
this point the canal runs in a perfectly straight line for 40 
miles to Lake Timsah, through whioh it passes, and whioh, 
previous to Lesseps’ operations, had been dried np for a length- 
ened period. The channel has throughout a minimum depth of 
24 feet, and is in many parts 26 feet deep; being 190 feet 
^de at top, and 100 feet wide at bottom. The amount of soil 
excavated exceeds 147,000,000 enbio yards, and was performed 
^ the oontinned action of powerful steam-dredging machines. 
iTie cost of oonstmotion amounted to j 612,000,000. The entire 
findertatog displays a degree of indomitable perseverance and 
engineering talent rarely united in a single individual. 
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drawing fob machinists. 
tttB Stbam-bnoine (confwiusd)— gbneral vmw or bnoins. 

Fi 0B. 3SS and 8«39. — The side and end elevation show oil the 
before-named details, and also the bed and fiy-whecl in their 
proper places os fitted together and ready to work. It will be 
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mMj to follow eacli detail into ite place. There are o^jr two 
cdoTationa of the engiiie<bed ; ite thioknece would be | inch at 
the eidee and } inch at the top, which ie planed all orer and 
emooth. Thie eDffme ie not an example of the dieepeet 
fonn of oonetmotion, but ie very etrongp and durable, and eatted 
for hifldi preeearee. It ie aleo a go^ apeoiinen of anitaMt 
beantj and dtneee of form for eabh work. 

Thie aet of drawings illnatratea the proper ayetem for aending 
plana from the drawing-office into the workahop : the detaila are 
^▼en in each a manner that a good workman would find no 
diAonltj ^ nnderatanding them, and making the engine wiibout 


Fig. 840 » 1h0 plan, and Fig. 841 the aide rlew, partly la 
•action to ahow detadle of oonetrnction. At the extreme left 
aide of Ibe aheet ia a fnlonim or fixed centre for the eafety-ralTe 
kwer, and at the oppoeite aide a heary weight. Oloae to the 
fidonim ia a pomM link, which preaaea upon a braaa Talre. 
Aa the diatanoe between the folcrnm and Talre-oentre ia 84 
indiaa, and between the fnlonim and weight (when at the end cli 
lefer) ia 88 inohea, erery pound will preaa witii ei^^t timaa tha 
f orce w ia., 8 ponnda^^ni the ralTe by the w^-known principle 
ofaknrer. Knowing the area againat which ateam preeeea, it ia 
not diffiooH to calculate the veBiatanoa offiared by the wei|^ and 



farther inetmotione. It ia Tory deeirable to pnt dhnenaiona for ^ lerer, so that any deaired pressure of ateam may be enabled to 
all the principal parts whoro drawings are not made full eiact ralre and escape. These ralTea and aeats are made of 

bnt for snob an engine as this one, many of the details ndght be gnn-metal, an alloy of copper and tin, and the bearing surfaces 
madefnll siae, and tho rest to a large scale or half aiae. Signrea are ground together so as to be steam-tight. A am^ groove 
upon a drawing save workmen much time and conduce to ao- ia timed in conical aeat, and a piece of string inserted 
ooraov ; very few are given in these detaQa, for the sake of before it ia driven into position, ao aa to prevent any leakage, 
avoiding oonfnsion in tbo lines. The onp form of the oast-iron pipe ia adopted so aa to cause 

In making drawings the linos for dimensions should be drawn any escape of ateam to rise upwards, instead of spreading ont 
with red or bine ink. like a flat disc. 


nocB-iNOH SAfWnr-VALVB (seals, three inches to one foot). 

When ateam is raised in a closed boiler its presatire gradually 
aoonmnlateB, and would at last burst the b<^er unless means 
were provided for its eaoape. Safety-valves are arranged for 
this purpose, and their general principle is that of placing a 
known weight upon a valve, so that the steam shall lift it and 
eeoapo whenever its pressure becomes greater than is desired. 


Figs. 848 and 848 represent the wmught-iron tongue whioh is 
oast into the valve-weight, and forms a means of suspending it 
from the lever. The roughened ooraera are intended to give a 
greater h<fid to the cast iron when it ia poured over the 4ongue 
to a melted state. 

A epriug may be used instead of tbe w^ght, and in many 
positions, snob as on locomotive engines, it him been found 
more oonvenient 
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NOTABLE INVENTIONS AND INVENTOBS. i 

XL— THB COTTOH MAXUFACTUBS (coMludid). ' 

BT JOHN TXXB8. 

Wx mtuit BOW retnrn to Hargreayes’ frame, in which a 
nnmber of preriously prepared rovings were drawn out to a 
greater fineness and twists into yam. Now ArkwrighVs in- 
ventioxi prepared the rovings and spun the yam ; Hargreaves’ 
could do the latter only. The former was best adapted for 
producing firm warp yam; the latter for spinning the finer 
hinds UB^ M w^t. The union of the principles of both was 
necessary to pmrfeot the art of spinning. The rollers of Ark- 
wright and the motion from the spindles of Hargreaves are 
onitod in tilie mule of Crompton, which ho invented in 1797, 
and, after many nnsnooessfnl attempts, made self-acting ; so 
that one spinner can make 800, 1,000, or even 2,000 idireads at 
once. ** Ae rovings,” says Mr. 8yme, “ part the rough rollers, 
which turn for some time, and ^en stop. The spindles are 
placed on a^ carriage, which moves from the rollers after they 
have oeaaed to turn and draw out the thread ; the spindles 
revolve, the requisite twist is oommunicated to the fibres, and 
the thread thus spun is then wouqd on the bobbins as the 
carriage advances towards the rollers.” As soon as the whole 
of these prooesses are performed, the mnle disengages itself 
from tiiosa portions of the machine which have been used to 
propel it, and the attendant rotums it again to the carriage, to 
peirform its work afresh. To give an idea of the value of this 
invention : while the water-frame is capable of spinning a 
pound of ootten to the length of nineteen miles, or forty hanks, 
the mnle has not mot with any limit short of 950 miles to the 
IK)und of cotton, or 2,000 hanlra. 

Samuel Crompton was bom in 1753, at Firwood, near Bolton, 
his parents oooupying a farm, and, as was the custom of that 
time, employing their leisure hours in carding, spinning, and 
weaving. I^ey removed, when Samuel was five years old, to a 
portion of the neighbouring old mansion called ” The Hall in 
the Wood.” The boy waa well educated in Bolton, but ” his 
little legs become accustomed to the loom almost as soon as 
they were long enough to touch the treadles.” When only 
sixteen years of age he spun On one of Hargreaves’ jennies, 
with eight spindles, the yam which he afterwards wove into 
quilting, and thus he was occupied for the five following years. 

At 1^ solitary loom, in the Old Hall, ho became prematurely a 
thinker, and cultivated a taste for music, which led to the first 
trial of his meohanioal skill in making a violin. Ho was master 
of Hargreaves* invention, the jenny, and he was personally 
known to Arkwright, whose reputation as an inventor now rang 
through Lancashire. In the dining-hall of the old mansion, 
Crompton, in 1774, commenced the oonstraotion of his spinning 
machhia, which for many years was known as ” the Hall in the 
Wood Wheel** It took him five whole years to matufo his 
improrement, working entirely alone, and he tells ns that he 
Buooeeded at the expense of every shilling he had in the world ; 
all tl^ labour being in addition to his overy-day work. Ho 
toiled late and early ; he devoted every shilling he oould spare 
to the purchase of the requisite tools ; and, aided by his clasp- 
knife, he at length triumphed. His machine was first called 
” the Muslin Wlieel,** because it was available for yam for 
making muriins, and it got the name of the ” Mule,” from its 
partaldng of the two leai^g features of Arkwright’s machine 
and Hartnmives’ spinning-Jenny ; but it is certain that when 
: Crompton oonstmoted his machine he knew nothing of Ark- 
wrigM’S discovery. 

As soon as Crompton had oomplotecl his first mule, in 
the year 1779, to save it from destruction by the Blackburn 
spinnersi and weavers, he took it to pieces, and conoealed it in 
a loft at the Old Hall Here it remained for many weeks, but 
in the same year the wheel was re-oonstmeted, and out of its 
first eaminge Crompton bought himself a silver watch. 

1780 he married* Abated by his wife, he industriously spun 
at the Hall, hie yam producing higher counts and an improved 
quality, for whiem he readily obtained his own prioes, but he 
could not satisfy one-hundredth part of the demand. The Old 
Hall wae now besieged not only by purchasers, but others to 
get at the mystery of the wondeiful new wheel. Admission 
, was denied, when many, who climbed up to the windows, were 
blocked out by a eereen ; bnt one inquisitive seeker oonoealod 
him se lf for some days in a loft, and watched Crompton at work 


by means of a gimlatdidle pierced throngh the ceiling ; and 
tMtber Arkwright travelled sixty miles to endeavour to discover 
the secret of the new wheel, whioh idl but eclipsed his water- 
frame. But Crompton found it impossible to retain the secret of 
his machine $ he had no patent, or the means of purchasing one; 
and, rather than destroy the whole, he gave it to the public, 
when some ” manufacturing friends*' promised to raise for 
him £60 : yet the list of half-guinea subscribers of this paltry 
amount contains, says Mr. Qil^rt French, ”the names of many 
Bolton firms of grea.t wealth and eminenoe as mule-spinners, 
whose coloHsal fortunes may be said to have been based upon 
this singularly small investment.” In the. five following years 
the mule was generally employed for fine spinning throughout 
the manufacturing districts. 

Before 1785, Crompton removed to a farm-house near Bolton ; 
and there, besides fanning, he worked secretly at his machine 
in the upper storey of his house. Curious visitors still came, 
and among them was Mr. (afterwards tlie first Sir Bobort) 
Peel, who attempted to get at the mule in Crompton’s abaonoo, 
but was defeated. He subsequently offered the inventor a 
lucrative sitaation, and even a partnership in his establishment, 
both wMoh Crompton declined to accept. Crompton next, with 
j£500 snbBoribed for him at Manchester, rented a factory storey 
at Bolton, and there had two mules, witii the pt/wer to turn tho 
maohineiy. He then submitted his machine to the Boyal 
Society and the Society of Arts, but by neither was it enter- 
tained. The public had got it, and that was enough. Crompton 
then visited the manufacturing distriots, where ho found th<' 
number of his mule spindles in use to bo 4,600,000, spinning 
40,000,000 pounds of cotton wool in a year; that 70,000 
i persons were engaged in spinning, and 150,000 more inweaving 
' the yarn so spun ; and that a popnlation of full half a million 
derived their daily bread from the machinery his skiU had 
devised. Our inventor then petitioned Parliament for remunera- 
tion, and Mr. Perceval, the Chancellor of the Exchequer,* was 
ready to propose a handsome grant of money, when it was 
frustrated in a shooking manner. On May 11, 1812, Crompton 
waa standing in the lobby of the House of Commons, conversing 
with Sir Eobort Peel and Mr. Blackbume, when they wore 
joined by the Cbancellor of the Exchequer, who remarked, 
” You wiU be glad to knew that I mean to propose .£20,000 for 
Crompton ; do you think it will be satisfactory P ” Crompton 
retired, and did not hoar tho reply. He was scarcely out of 
sight, when the m^man Bellinghi)^ came up, and shot Mr. 
Perceval dead. By this frightful catastrophe Crompton lost 
^15,000. Six weeks intervened before his ease oould bo brought 
before Parliament, and then Lord Stanley moved that he bo 
awarded iB5,000, whioh the House voted without opposition. 
No reason was given for tho reduction of Mr, Perceval’s pro- 
position : tho smaller grant was inadequate, whether measured 
by tho intrinsic value of Crompton’s sorvioes, or by the rato of 
Parliamentary rewards to other inventors. When he returned 
to Bolton with ^65,000, instead of a groat fortune, he hoard the 
bitterest reproaches from his family. With tho above sum 
Crompton entered into manufacturing speculations with his 
sons, but unsuccossfally ; and os he advanced in years, some of 
his friends subscribed, and purchased him an annuity of ^68. 
A second application in his belialf was made to Parliament, bnt 
failed. This must have been very mortifying to Crompton, wht) 
was one of tho most sonsitivo as well as honourable of men, and 
who is known to have declared to one of his most stedfast 
supporters in Parliament, ” I only request that the case may 
have a fair and candid hearing, and be dealt with aooording to 
its merits.” 

Worn out with cores and disappointments, Crompton died at 
Bolton on the 26th of June, 1827, at the age of seventy-four, 
and was followed to the grave by a host of Bolton worthies. A 
statue of Crompton, in hronse, by Oalder Marshall, was erected 
in the market-place at Bolton, in 1862 ; though to be treated with 
respect after death is but a poor recompense for being neglected 
while we ore living. “ Justice exacts,” says Samuel Johnson, 
” that those by whom we ore most benefited should be most 
honoured.” 

* Hr. Fe^ieevtl is spoken of here as *' Chancellor of Exchequer.'' 
and rightly enough. It mnat, however, ho reznemhered that he waa 
Premier as wefi, and the head of the Achnihistratlon from October 30, 
1809, to Hay 11, 1819. Both offloea were also held coi^^tly hy. Pitt, 
Canning, and P^ and more recently hy Mr. Okditone. 
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Bfr. Fmoh^in lik ^*Iii£e and Tunas <4 Saaroal Orompten;^' 
with graceful earnestness, has vindicated his claim and cha- 
racter, and thus resoned him fsom neglect. It may safely be 
iwserted that Crompton's mule is the fulcrum whi(^ , sustains 
that mighty lever, the cotton trade, the most valu^le and 
most poweiM of our national resources. As the jenny is now 
almost disused, and all the finer yarns are spun exclusively 
upon the mule, its importance and value continue to increase, 
l^e principle of Crompton's invention has remained unchanged ; 
while modifications, improvements, and auxiliaries have in- 
creased its productive power a hundredfold. Meanwhile, the 
results of Crompton's genius have been practically commomo- 
ratod upon the site of his invention. Near tho Hall in the 
Wood rises an octagonal ohimn^-ahaft 866 feet in height, 
in connection with the .steam-engines and furnaces m a huge 
factory, where some thousands of men and boys are employed 
in maMng mule-spinning machinery, and in the production of 
thousands of mule-spin&es. The old Hall has beoome the 
veritable centre of Ihe existing cotton manufacturing district. 
“ Could wo," says Mr. French, “ tie a cord, twenty miles in 
length, to the top of the tall oMmney that marks the spot, and 
sweep it round the country, the cirdo then formed would 
embrace the populous towns and teeming villages engaged in 
spinning and weaving cotton. They radiate from that centre 
with compass-like regularity ; Manchester, Preston, Oldham, 
and Blackburn being the cardinal points." 

The triumphs of the combination here described were not 
confined to spinning. It had been repeatedly but unsnocess- 
fully attempted to weave doth by machinery before. It was 
effected by a singular aoddent. Edmund Cartwright, a brother 
of Major Cartwright, the politician, had been educate for the 
Church in the XJnivorsity of Oxford, had written and published 
several poems, and had reached his fortieth year before he had 
given any attration to mathematics. Mr. Cartwright, in 1784, 
being at Matlock, in the company of some gentlemen of Man- 
chester, maintained the practicability of inventing a machine 
to weave the vast additional quantity of cotton spun by Ark- 
wright’s machinery. It occurred to Cartwright that, as in 
plain weaving, according to the conception he then had of the 
business, there could be only three movements to follow each 
other in sucoeesion, and little difficulty in producing and re- 
peating them. He then had constructed upon this principle a 
machine, and getting a weaver to put in the warp, to his great 
delight, a pieoe of cloth was the result. The warp was laid 
perpendioularly : the reed fell with the force of at least half a 
hundredweight, and the springs whioh threw the shuttle were 
strong enough to have thrown a Congreve rocket. His machine 
was rude and awkward, for his own loom was the first he had 
over seen. It was opposed both by prejudiced manufacturers 
and their workmen, and a mill containing 500 of his looms was 
wilfully burnt down. He, nevertheless, persevered, but after 
taking out several patents, and spending upwards of ^0,000, 
he relinquished all hope of acoompliahing his object. In 1809, 
however, Parliament voted him JB 10,000 for ** the good service 
he had rendered the public in his invention of weaving." He 
died in 1823, in the eighty-first year of his age. 

Power-looms remained unprofitable until it was disoovered, in 
1803, that the warp might be dressed before being put into the 
loom, by a machine oonsisting of eight rollers, four at each end 
of a frame. These roHors are brought from the warping frame, 
and the yam posses between two rollers, the lower one of whioh 
dips into a reservoir of thin paste, and thus transfers a coating 
of staroh to the cotton. The yams afterwards ^ass over and 
under brushes for rubbing into the fibres, then over a heated 
copper box to dry them, and they are ultinmtely coiled round 
the warp beam of the loom. The oonstmotion eff the machine 
and method of dressing have since been improved, and cloth is 
now woven, by the help of steam, with wonderful rapidity and 
extent. A steam-engine of 40 or 60 horse-power gives motion 
to thousands rollers, spindles, and bobbins for spinning 
yam, and works four or five hundred looms besides. This 
gigantio spinner and weaver needs very little assietanae from 
n»n. It undertakes and faithfully disofaarges all the heavy 
work of putting. shafts,^ wheels, and 'pulleys in motion; of 
tiirowing the diuttle, working the treadUes, driving home the 
weft, and turning round the warp and rioth-beams. One man 
may now do as mnoh work as two or three hundred men 
ida^ yesm aga Power-looms are among the most extraordi- 


nary madhittes in a factory. The operations of one of these 
looms being minuted with a watch, have been seen to weave 
seventy-two square inches of doth in a minute, without any 
human being attending to it. 

The substitution of machinery in place of band-laboxir in 
spinning and weaving has been produotivo of the most bene- 
fioial oonsequenoes, since the inventions of Ackwright and 
Watt were made. At first, tho various opemtions>ol beating, 
carding, roving, and spinning were household operatiana^ but 
progressively, with a view to economy of time and.^d^ckness, 
they led to the building of factories ; and the (xmcwiitintion of 
them under one roof, with a propelling power of water or 
steam, gave a united and combined action to all the prooesses, 
whioh caused them to be carried on with the prooiaion of dock- 
work. Nor has improvement been obtained in one. branch of 
industry, but in alt Boally good small steam-engines and mill- 
gearing oonld not be m anu f actured when mechanical, power was 
first introduced. Now, in place of heavy shafts of wood, and 
cast-iron huge wheels and pulleys, wo have light wrotigh^iion 
rods, smaller wheels, quintuple vdooities, and diminished 
tidotion. 

In a ootton-mill the most striking actions of madiinery are 
those whioh involve not only swift, irresistible motion, but alio 
transformation of the materials on whioh the moving force is 
exerted. “ In the basement storey revolves an immense steam- 
engine, unresting and unhasting as a star, in its stately, 
orderly movements. It stretchoa its strong iron azans in every 
direction throughout the building ;■ and into whatever chamber 
yon enter, as you dimb stair after stair, you find its million 
hands in motion, and its fingers, whioh are as skilfnl as they 
arc nimble, busy at work. They pick ootton, and oloanse it, 
card it, rove it, spin it, dyo it, and weave it. They will work 
any pattern you select, and in as many colours as you choose, 
and do all with celerity, dexterity, and unexhausted energy ^d 
skill ; and with tho spei^ of racehorses transform a raw material, 
originally as cheap as thistle-down, into endless useful and 
beautiful fabrics.” (Professor George Wilson.) 

Mr. Tnffhdl states that, in the fine spinning-mills, he has seen 
a pound of ootton stretched to the incredible length of 294,000 
yards, or 167 miles, and then sold for twenty-five guineas, the 
original cost of it having been 8s. 8d. 

But what a ooncentration of mental work is requisite to 
produce these wonderful machines ! In a factory, into whioh 
the ootton is taken in a raw state, and is brought out as cloth, 
there is not one of the numerous machines through whioh ii 
has to pass, including the steam-engine, whioh moves them all, 
that does not seem to demand tho utmost stretoh of human 
ingenuity to bring it to its present state — not one that does not 
oondonse in its formation tho result of at least a hundred 
patents, or that has not required in its invention the united 
efforts of at least a hundred minds. 

We oonolnde with a few interesting statistics. Cottofn-growr 
ing in the United States began with the century, and rose from 
400,000 bales in 1820 to 5,000,000. bales in 1859 and 1861, the 
two most productive years. The price iu the same period fell 
from 50 cents to 10 cents a pound. Sinoe the close of the oiril 
war, ootton culture rapidly revived, and the crop of the season 
following it reached nearly 4,000,000 bales, a quantity only 
surpassed in 1859 and 1861. The war between Fraaoe and 
Germany, however, operated disastrously on prices, and cotton 
that was selling at 25 cents a pound in tho previous year was 
quoted at less than 15 cents. The onlturo, however, again fast 
revived. In 1840 Mr. Bnxton stated there were employed in Onr 
ootton manufacture about J62, 600,000 of fixed and £20,000,000 
of floating capital invested. The total yearly prodnoo of tho 
manufacture amounted to £40,000,000, 1,500,000 persons 

then earned their bread by it. 

In 1886 the importation of raw ootton into the United King- 
dom amounted to 15,812,900 owts., valued at £38,128,110. 
The exports for the same year were as follow : — 254,831^110 
lbs. of oottoq yam valued at £11,487,889, and 4,850, 210, 50<y 
yards of piece goods valued at £57,867,285. iitkough the 
great bulk of the British supply of raw ootton comes from 
the United States of Amerioa, it is interesting to note that 
there is a considerable importation from Egypt as well as 
from the British East Indies. Indeed, the supply from the 
Presidency of Bombay sad Soisde falls very little short of that 
from Egypt. 
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APPLIED MECHANICS.— XIII. 
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AatrownMT-Itoj'ml to IidHid. 

THE DBILLIKG MACHINE. I 

Tbb dtilHng maohine ia of the ntmoet use in the workihop. 
Hoke «re constantly required to be prodnoed, either for tito 
purpim of receiying' bolto, or for nuznerons other pnrpoeea. 
Kany different forma of dtill are in common nae. We have 
oeleoted for deaoription in the present leeaon one of the moat 
ingeidons which has been inrenM. This drill is shown in the 
iUnstration below (Fig. 1). 

For drilling, the tool most reoeive two distinct motions — one 
that of rotation, the other that of advanoe parallel to its azu ; 
the work b«ng held steadily. In this the drill may be oon- 
trasted with taming lathe and the planing fnachine. In 
both of these the work ia moved, while the tool is also moved, 
i&ving to id^o the two motions to the tool of the drflling- 
maohina, instead of being able to give one of them to the work, 
makes t^ dialling machine a little more complicated than either 
of the machines already described, as we have to provide for 
the two motions aimnltaneoasly. 

s represents the point of the drill ; the work, which is not 
shown, is supported upon a table underneath the drill, which 
oan be moved in two directions, so as to bring the work beneath 
the drill in the proper position. The drill is fastened to a screw, 
T; this screw works in the nut x. The toothed wheel x is 

fastened upon the nut 
X, while the wheel t is 
fastened upon the screw. 
A, B, and 0 are three 
pull^s. A ia an idle 
pulley; B is keyed upon 
the shaft that carries K ; 
and K and c are attached 
together. It will be noticed 
that K and n are not of 
the same sise, nor are x 
and T. We shall let m, 
n, 0 , represent the num- 
b^ of teeth in the four 
wheels, h, n, x, t. When 
the band is upon A the 
machine is at rest; when 
the band is upon b, n and 
T are tamed round, and 
the drill is brought down 
to its work by being 
acrewed out of its nut. When the band is upon o, the nut x 
is made to revolve, and the screw is drawn up into its nut, and 
raised from the work. But when the band ia upon both b and 
0 the drill revolves and the nut revolves ; but the drill screws 
out of the nut faster than the revolution of the nut brings it 
back, and thus a slow motion of advance is combined with the 
rotation of the drill. 

Let le represent the number of threads in the inch upon the 
screw T. 

For one revolution of the pulley b, the screw will have made 

- revolutions, 

y 

and will therefore have been depressed by 

X ~ isohes ; 

V 

but on account of the revolution of the pull^ o, the nut x has 
made 

revolutioBS, 

w 

and has therefore raised the screw by 


Hence the real advance of the screw being the difference 
between the amount by which it is ndsed and lowered is 
m\ i 



This is the amooixt by which the drill ia lowered when it has 

• rsvolattQQS. 

V 

Therefore, the ainoimt by which the drill descends for one 
revolution is 


This quantity oan have any value by proper selection of the 
wheels, the onl^T condition to be attmded to in the choice of 
wheels is that 

h m s n + r, 

because if this equation were not satisfied, the two pair of 
wheels could not be adjusted to gear simultaneously. 

To illustrate these formuhe by an example, we shall suppose 
that the screw has three threads to the inc^; that is, 
and that m « 40, as: 120, n ~ 50, y = 110. These numbers 
satisfy the relation — 

r •(' m s a + y. 

The expression ^1 <- becomes 




40 . 110\ 1. 1 

120 .W 8 “ n’2 ‘ 


Therefore, for each revolution of the drill its point will advance 
about the eleventh part of an inch. In fact, the drill is much 
the same as if it were simply attached to a screw containing 
eleven threads to the inch, and rotating on its nut. 

This arrangement oan be made to pr^uoe a very slow advance 
of the drilL Thus, suppose m = 40, a = 120, it s 41, y = 119, 
the advance is 


40 • 119 \ 1 _ 1 

41 • 120 / 8 ** 9S 


Thus the drill must perform 92 revolutions before it will have 
advanced one inch. 


I MACHIKEBT USED IN THE MAKUFACTUBE OF SUGAB. 

The preparation of sugar before the product is brought into 
the form in which we are familiar with it, involves two dis- 
tinct branches of manufacture. One of these, the preparation 
of raw sugar, is conducted at the place where the sugar is 
grown; the other, called sugar refixdng, is usually performed 
at home. 

It is not within our province to give in the present paper 
a description of the t^hnioal deti^s of the manufacture, 
except so far as may be necessary to enable the action of 
the machines used to be understood ; many of the processes 
come more properly within the province of the chemist than 
of the meoh^c. 

There are two important stages in the manufacture in which 
machinery is used. The first is in the expression of the raw 
juice from the cane, and the second is the separation of the 
crystals of refined sugar from the liquor in which they ore con- 
tained. There are, of course, multitudes of minor mechanical 
contrivances for hoisting, pumping, etc., used in various parts 
of the manufacture; but as tiiese are not peculiar to this 
branch of the mechanical arts, we shall not further allude to 
them in this lesson. 

We shall describe the machinery used in these two different 
> processes, 

The juice from which the sugar is extracted is expressed by 
pressure from the sugar-cane. The cane is a long stalk about 
two inches in diameter ; the outside is hard, the inside is soft, 
and contains the juice which it is the object of the cane-mill 
to extract. 

Fig. 2 represents in a diagrammatic manner the principle of 
the cane-mill which is meet usually employed. A, B, c are three • 
rollers with fisnges at their extremities to prevent tiie oanes 
from eeoaping; they are made of cast iron. In some of the 
larger works ^ese rollers are very massive, reaohing the length 
of six feet, and a diameter of thirty inches; the roller c is some- 
times fluM longitudinally, so as to draw in the cane with cer- 
tainty; but this is, however, not necessary, and as the cane is 
much crashed and iiqured by the fluting, the roller is frequently 
smooth. The three rollers are made to revolve toge&er, by 
means of toothed whedis, not shown in the figure, and the whole 
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is worked either m eteain-eiigke, or bgr the power of wind 
or water. 

D is » flat table, n^ whioh the oanes are strewed to be 
d^ered to the first pair of rollers, A,o. These rollers are aboat 
a quarter of an inoh distant from ea^ other. The space can be 
regolated by means of screws. The cane is thoronghly crashed 



between the first pair of rollers, A and c, and rendered into a fit 
condition to reoeive the extreme pressure whioh the compressed 
mass reoeiTes between the rollers b and c. 


A ooninderable per-oentage of the jtdoe remains in the canes 
after haTing been snbmitted to the oane«mill. This juice, and 
of coarse ^e sogar contained in it, is lost. A oane-mill has 
been proposed by Sir Henry Bessemer, with the object of more 
oomplet^ extracting the juice from tise cane than is possible 
in any n^ in whi<^ the action is oondnoted by rolling. A 
diagram of the principle of this mill is shown in Fig. 4. 

p is a solid plunger, whioh oscillates to and fro in a tube. 
The planger is driven by a crank, and receives oonsiderable 
power with the aid of the inertia of a fiy- wheel. The oanes are 
supplied to the mill by the vertioal tubes A and b. The plunger, 
in Ihe position shown in the figure, is about to move towards D ; 
in its passage it outs off the end of the cane in the tube B, and 
compresses the segment thus out off agidnst the mass of bruised 
cane d. The juice whioh flows from ^e oano escapes through 
the holes H, H in the tube. These holes are couioid, with 
narrow end inside to aroid dogging. On the return of the 
plunger to o a segment from the end of the cane in a is out off^ 
and has its juice expressed. A new length of cane in b descends 
into the tube to be ready for a fresh operation. 

Thus two oanes are supplied to each tube at the same timo^ 
and seTeral plungers and tubes can be worked by the same* 
engine. It is beheved that by this process the juice is more 
completely expressed than by rolling. Not only is sugar 
saved, but the compressed oanes are drier, and therefore in 
a fitter condition for fuel, and this is a very important con- 
sideration in many of the colonies, where fuel is scarce and 
expensive. 

The treatment of the juice by evaporation, necessary for ths 


At F is a plate upon whioh the crashed oanes, after passing 
the first pair of rollers, are defieoted so as to pass between the 
rollers b and c. These rollers are so close together that a 
sheet of ordinary writing-paper would only just pass between 
them. The oanes submitted to this great pressure yield up 
the sweet juice contained in their cells ; this juice tricldes from 
the rollers into a trough placed to receive it, whence it is con- 
veyed to vessels in whioh the process of preparing the raw 
sugar is commenced. 

The rollers being so close together are more or less liable to 
jam, when an unusual quantity of cane is delivered to them. 

Such a sudden cessation of motion in so heavy a piece of 
machinery would be productive of injury, if not to the rollers 
themselves, at all events to the gearing by whioh their motion 
is sustained. Different methods are adopted to evade this diffi- 
culty. In some oases the rollers are turned by the aid of what 
are called friction wheels. The nature of friction wheels will extraction of the raw sugar, does not involve any very special 

be understood from the annexed cnt (Fig. 3). machinery. We shall therefore pass on to the moohanioaJ 

Instead of the wheels being toothed on the circumference, appliances made use of in the process of refining the sugar, 
there are a series of ridges whioh fit into corresponding grooves. mogt interesting part of the process of sugar refining,. 

When the wheels ore pressed together, the friction causes the {^ 0 ^ ^ mechanical point of view, is the application of oontri- 
revolution of one of the wheels to make the other wheel revolve. f„gai force to tiie separation of the crystals of sugar from the 
If, however, the wheel which is being in which they are contained. After the syrup has been 

driven be stopped, or experience some ■ concentrated in the vacuum pan crystals form throughout the' 
very large resistance, no accident occurs. | jnass, which becomes something of the consistence of mortar,^ 
as tile driving wheel merely slips upon the ^nd is of a brownish colour. Whon intended for making sugar- 
other without turning it round. All that joaves this is placed in a mould of the proper form, and 
is necessary is that the friction between ^jje liquid portion trickling away leaves the loaf in the form in 
the two wheels shall be a little ^eater which we are familiar with it ; but when the crystalline soft 
than the force necessary for driving the sugar is to bo made, centrifugal force comes into play. We 

cane-mill in its ordinary condition. stall calculate the magnitude of this force, referring the reader 

Another method of avoiding accident to the lessons in Mechanics for the dismonstration of thr 
to the machinery by the jamming of the theorems which will bo used. 

rollers depends upon a different prin- jf a point be moving round in a circle, of whioh the radius is 
Fig. 3. oiple. The rollers are usually adjusted and T the time of revolution, the magnitude of the oentri- 

at the proper distance by screws, but it fugal force is 
is evident that, provided one of the rollers could be pressed ^ir*B 

towards the other with sufficient force, the screws may be die- iv ‘ 




pensed with. This is the principle of the second method referred 
to. The roller b (Fig. 2) is urged towards the roller c by severe 
pressure produced by lovers and weights : when an undue strain 
comes upon the rollers, the roller b is pushed away from c, and 
the obstaotion is enabled to pass. 

It is found by experience th^ a greater per-oentage of juipe is 
extracted from the cane when the rollers move slowly, at about 
the rate of two or three sevdationa per minute, than when they 
have a higher velocity. The canes, after the jtdoe has been 
expressed, are u^ as fuel for supplying the firm when heat is 
required in the subsequent treatment of the juice. 


We shall suppose that B equals two feet, and that the particle 
makes ten revolutions per second ; the magnitude of the force 
is therefore— 

, 4 X X 2 X 100. 

This quantity reduces to 7884. llie force of gravity is 32, 
therefore the ratio of the centrifugal force to gravity is 7884 
82. Hence the centrifugal force is about 246 times greater 
thtt.Tt the force of gravity. 

We learn from this example how great is the force which can 
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be prodaoed to expel the weter from between ilie aryetale of 
eager. partS^ of water ie urged towards the exterior 

a force et^ to 246 times the weight pi the partide of 
'water. 

The apperatos consists of a large iron oylinder, the sides of 
which are perforated. This cylinder is moimted upon a vertical 
spindle, and by means of wh^work this cylinder is capable of 
receiving a rapid motion of xevolntion. Into this cylinder a 
charge of the mixtara of the orystaUi with the water is intro- 
duced. yhiBn the motion commences the centrifugal foroe 
makes the contents of the vessel fly to ^e oiroumferenoe, the 
liquid passes throufl^ the holes in the sides of the vessalt and 
the crystals of sugar form into a layer roimd the sides several 
inches thiok. When the water has been expelled a little 
clear syrup is intcodnoed into the vessel; this syrup passes 
through the sugar, and carries with it the last traces of the 
coloured liquid. 'VHien the motion oeases the sugar is ready 
for market. ■ 

The peculiar advantage of oentrifiigal force for this process is 
that ea^ atom of water is expelled by a force which acta upon 
itsdf directly, and is not transmitted by .the pressure of the 
•orrounding partioles. For example, suppose the sugar were 
subjected to pressure in an hydraulio press, or in some otW 
machine adapted for the pnrpose ; the partioles of sugar on the 
exterior would be crushed, but the pressure would only bo im- 
perfeotly transmitted to the interior. In fact, unless the 
crystals were so compressed together that all the intorstioes 
had disappeared, the water would still remain in the mass. If 
the compression oould be carried to such an extent that this 
ahould be attired, it is manifest that the crystals would be 
crashed and disfignred. Bnt with oehtrifngal foroe the action 
is quite different.^ When the oryatals are packed as close 
together as possible without injury to their form, numerous 
interstices are left ; from these the water flies by the centri- 
fugal force of its own inertia. 

It is manifest that this useful application of oentrifugal foroe 
is capable of more extended utility than the single example we 
have given. Drying machines for oloths which are in process of 
hleaoMng depend on the same principle. The liquid flies from 
the interstices of the oloth in the same way as it does from 
those of the sugar. 


PRAOTIOAL APPLICATION OP THE FINE 
ARTS.--I. 

THB ABT OF GLASS-PAINTlirO. . 

BT P. H. BBnaVOTTJB,. 

Pr o fe aso r of Drawing, King’s College, Loadon. 

I. — INTUOnUCTOBT. 

Tai d^oovery of glass, like that of many other most usefnl 
and important inventions, is wrapped in obscurity. Not even 
a myth contains oonoealed within its kernel the origin of this 
valuable addition to man’s oomfort, as that of l^methons 
reveals the souroe of Are. The legends told by Pliny and 
JoB^hus of piratea or Jews using blocks of soda to support 
their fire, and thus accidentally disoovering glMs, refute tiiem- 
selves b^oro the light of soientifio inquiry. No oidinaiy wood 
fire would thus convert sand and soda into glass. Idore pro- 
bably miners smelting metals, noticing some vitreous remams 
amongst the slag, admired and imitated them ; or it might be 
that potters saw a glaae mn over some of tho pottery that they 
wore baking. Bat however the art originated, wo know that in 
the early t^oa of the Egyptian empire, before even the period 
usually assigned to tho exodds of the Israelites, glass was made 
into Imttlos and beads, and one of the latter exists, having on 
it the name of a king of the eighteenth dynasty, who ttved 
about B.o. 1500. later on these same Egyptians mannfaotnred 
vases, ouJ>8, perhaps lamps, and certainly mosaics, and under- 
stood the ai^t of glass-cutting. Glass-blowers are portrayed 
at work both at Thebes and at Beni-Hassan, and Alexander the 
Great is said to have been bnried iu a coffin of glass. Glass 
WM used for bottles for wine, some of which wore enclosed in 
wicker-work and aome in leather ; but more remarkable stUl is 
the disoovety in Egyptian tombs of several bottles i]Mcrjd>ed 
with Chines^ letlenh— pointing, it would seam, to an Qcientnl 
origin for this art. 

From Egypt the m a uml aoture of glass slowrlj spread to the 


other coasts of the Mediterraasan, to Phoenioia, to Greece, and 
to Borne. The Phosnioians at an early period made some 
marvellous works, if we behevs, as seems taost credible, that 
the huge emerald pillars mentioned by Herodotus, as seen by 
him in the Temple bf B[eraales at Tyre, were some of those 
artificial gems for which the! Egyptians and Phamiedans were 
for a long time oelebrated. To Greece the art took a long time 
to penetrate, and but lit^ seems to have been done by the 
Greeks until they 'had loift t^r independenoe and had oome 
under Boman xti^yhm w themselves were already 

excelling in the smnb Hndet the Emperor TiberuM great 
enoouxagement Wal ^fen ,tb workere in ihe art of giiins-making, 
and sabsequeat em^pitdm tritte greet gonnoii s a n rs of f^e elegant 
creations in this mate^.' ! 

The (first use of glsi^ fdr Widows seenm to ^ve. originated 
soon alter the peri^ bl Sfhi^ we, have jo^ been speaking — 
vis., in the first ce|ntnries of the Christian era. §leneoa, who 
lived in >tlm third oehimry', -is the firri* author who distinotly 
mentloxis each sn applimktioii of the mstiariai; btit a pone was 
found , 1 ^ Heronlsinei^ a city Wbioh we kCow vms overwhelmed 
▲.D. 79: Here, agam, we; are at a loss to know where the next 
step was made, of introducing colouxed'glaea into windows, or, 
indeed, whether this 'was 'another step, and not one and the 
same. Many peojple^ considering that it is farfe^er to make 
glass of some of^the dbisimbner odours ' ISiah to' pri>daoe that 
which is perfootly oolonrleas and transparent, have supposed 
that coloured windows preceded those of deer glass. This is 
probably true, but the early windows were ifiade either of glass 
of one colour only or of slight modifioationB of one oolonr. It 
was as much another stage , to introdnoe a pattern, with distinct 
and contrasted oolonrs, as it was to introdnoe tnmsporent and 
odourless glass. Ohrysostom speaks of windows of divers 
oolonrs. ohuroh of 3t. Sophia at Constantihpple is said to 
have had odonred glass windows in the sixth oentniy ; but the 
earliest odonred windows of whioh we know the precise date 
were those made for Pope Lep III. in 795, to be intorted in the 
Ohnreh of St. John Lateran at Borne ; and the^aarHest date that 
oan be rdied on at Constantinople is A.D. 949, when Constantine 
VIl. sent hia portrait, beautifully painted on glow, to Abder- 
rahmon, the Moorish monaroh at Cordova, in Spain. This, of 
oourse, must have been produced by oolonrs laid on the surface 
of tho glass, and not burnt in ; in fact, the latter improvement 
is attributed to either the Germans or Memings at a much later 
date. The yellow stain prodaoed by silver is said to have been 
the result of an aooident whioh happened about the beginning 
of the fifteenth oentnry — some say to Van Eyok, others to Fra 
Giaoomo da Ulmo. The latter is said by Vasari to have dropped 
a silver button into tke lime of the furnace in whioh he was 
about to bum some painted glass, and that the silver, tonohing 
tho heated plates, oaused a yellow disoolonration, whioh aooi- 
dental oirenmstanoe he, like a true observer, immediately turned 
to aooount. 

Into Ganl tba art of making and oolonring glass had been 
introduoed in the earliest oenturies of the Christian era, and 
about the eleventh century it had begun to flourish, being 
advanoed and nourished, like many others of the fine arts, more 
especially by its dedioatioxi to eoolesiaBtioal purposes, for deco- 
rative glass does not seem to have been used in private houses 
until nearly the sixteenth century. Between 1399 and 1429 
tho hotel of the Dnke of Orleans in the Bne de la Poteme lea 
Sunts Pol in Paris was adorned with ooloored glass, which, 
however, on being at a somewhat later date Cleaned and washed, 
required renovat^g and oplonring afresh, so that evidently the 
oolours were not burnt in. ^ 

Bede says that glass and glass-makers were brought to Eng- 
land as early as a.d. 674, but the art does not seem to have 
fiouiished greatly here, for Matthew of Paris says that in the 
time of Henry III. only few ohurohes had glass windows ; but 
aft^ this it must have rapidly airived at perfection, for the 
oolonrs, and especially the blue, of thirteenth eentury glass are 
suoh as have b^ surpassed at no subsequent period. 

The prooesB since that Qme. has not materially fdtered. flight 
improvements have Wn made, and at qne time aTportion of the 
art had been lost. This noilf has bem^ recovered ; bnt though 
we can trece sta^ of mnni^ parallel to the 

different aJjMfes of aroUteoture, IhM have been no great revohi- 
ti<^ m them down to ihC.pr^^ 

Having now drawn a a^t aketoh m i^^pKogresa from the 



THE ELECTRIC TELEGRAPH. 


Ill 


eiriieit known Bpooimana oi glaaa do'^ to the period at which 
this deoovatlTe aart was piaotised in its greatest perfeotion in 
oar own oonntsy, it is time te gire some notioe of how the 
process of upon glass is carried on; and here we 

wonld draw attention to ^e difference between stained and 
painted glass. Stained glass is that which is colonred in its 
xnannlactnre ; the painting is a shade burnt into the glass at a 
subsequent x>eriod» so that most windows contain stained glass 
painted. In the early days of painting glass, oolonrs were 
simply applied with white of egg or oil, or some such con- 
Yenient ir^ole to the unooloured or so-called white glass; 
the picture was afterwards varnished, and the whole wfm com- 
plete. At a later period, when the art of burning in ihe colours 
was discovered, the former process was considered insufficient, 
and for all works of any importance it has been discarded, an< 
will not be further referred to by us. The present process is 
really the production of a species of enamel on the surface of 
various colonred glasses, thereby producing various degrees oi 
transparency. 

We shall now speak of the various stages that have to be 
passed through before a window can be put into the opening 
for which it is designed, and we shall do this as if the work 
were entirely oarried through by the same individual, though 
any one will see at once that the labours at the furnace and the 
artistio manipulations are not likely to be performed by th< 
same pair of hands in these day^ of minute subdivision oi 
labour. 

The first requisite is a careful design, and the circomstanoes 
of the case necessarily remove the art of designing windows 
both from painting and from mere meohanioal designing, such 
as that used for ordinary art manufactures. The next step is 
the production of the glass itself — ^its colouring — and here W( 
must note the difference of its manufacture, both from that of 
transparent glass used in ordinary windows, and that of colonred 
glass employed for ornamental purposes. We must next look to 
certain peonliarities of English and foreign manufacturers, and 
notioe how brightness of light and delicacy of colouring are pro- 
duced. After this the glass has to be out to the required shapes, 
to be set up, and at length painted. These stages we shall 
doacribe. I^en the various stylos of shading, and their effects, 
will engage us for a short time before we f^ow our picture to 
the furnace, in which its shades and stains are indelibly fixed 
After this the putting the whole together, and fixing it in its 
required place, will complete the work. 

Our future papers on the art of painting on glass, which 
is one of the most interesting prooesses oonneeted with the 
practical application of the fine arts to industrial work, will be 
accompanied by illnatrations, which will not only be of great 
use and value to the student of this beautiful decorative art, 
but also furnish suitable studies for enlargement, to be coloured 
sabseqnently, .to show the general effect of the composition 
when executed in painted glass. 
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LOSS OF powaa om oibouits—thk belay —automatio 

TSLEOBAFHS — BAINES — WKIATBTONE’s— 'THE SOUEOEB. 

[n the embossing, Morse instrument desoribed in our last, it is 
clear that the electro-magnet must possess sufficient power to 
press the style rather firmly against the ribsmd. In the ink 
recorder a oertsin amount of pressure is likewise required^ Now, 
we find that when the electric current has to timvel over a very 
long oirouit its power is considerably reduced, and even if we 
inorease the battery power there is an increased resistance, so 
that we cannot trami^t to very great distances a corrent suffi- 
ciently powerful to print its own messages. Ip shorter oironits 
defective insulation, and other similar cansei, often prevent 
the message being duly recorded. 

At first sight this appears a serious difficulty » hut it has been 
met and entirely removed by a most simple but ingonionB piece 
of apparatus called a ** relay.** By means.of this the current 
erriving by the Hne-wive oa^ ^to action the battery at the 
tboeivlQg station, mud this local battery ii then made to print 
thf mewn ge in its own instrument, , 

• Itoy Aillimt fom are given to the leiay^ and one of the 
simplen of these is shown in Fig. 88. A bobbin (or somelimeB 


two placed side by side) is aecnxed to the stand of the inatm- 
ment, the ends of the wire w:hiQh pawm round it being oon- 
nected with binding-sorews, situate one at each side of the 
instrument. The line- wire is oonneoted to one of these and the 
earth-plate to the , other, so that the onrrent as it arrivee merely 
‘toll versea the ooile, and passes on to the earth* The keeper of 
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the elootro-magnet is mounted on a lever which toms on a 
pivot at A, so as to vibrate with as little friction as possible. 
The upper end of this lever plays between two aetMews, B 
and c, by which its motion is regulated as reqniied. A delicate 
spiral spring is affixed to its nppm mdt and keeps it, when no 
current is passing, resting against the tip of B, which is covered 
with a piec» of agate or other good insnlatuig materiaL The 
other end of the spmg is oonneoted to a oord which passes 
through a loop, and is then attached to a small reel moved by 
the milled head b. In this way it can be adjusted so as just to 
keep the lever pressing against b, but at the same time to allow 
it to yield to the faintest attraction from the magnet. 

The recording instrument k now placed in drohit between c 
and one pole of the local battery, while the other pole is in 
oommunioation with the axis A on which the lever tnma. The 
manner, in which the instrument acts will now be manifest. 
The oirouit of the receiving instrument is interrupt^ between 
the point of c and the lever ; the agate tip of B preventiag any 
oirouit through that. 

Now if a ourrent passes along the line-wire and round the 
bobbin, it at once converts it into an electro-magnet, and 
ovorooming the tension of the spiral springs brings the lever 
into contact with o, and thus sots the recorder to work. To 
ensure contact^ the. tip of o, and the smrfaoe of the lever under 
it, are both covered with platinum. In this way the stylo 
moves just as it would if the onrrent from the line-wire passed 
through the instrument itself, but there is sufficient power to 
print the message distinctly. 

It will easily be seen that by means of relays suitably arranged 
any message arriving at a station can be actually nuide to re- 
transmit itself to any other station or stations without any 
assistance from the derk in charge. The telegraph thus 
becomes almost automatic, and we have in this an illustration 
of the marvels that may bo aooomplishod by the aid of scienoe.. 

On very long submarine lines such a relay will not opera4», 
owing to a certain retardation of the currents. In rdays for 
submarine work the lever must have a certain play, whioh allows 
it to follow all the variations of the current produced by the re- 
tardation in questiCu. It is on this principle that the 'Brown 
and Allan relay, as well as the mirror galvanometer and siphon 
recorder for working submarine cables, are constrnoted. 

The grea^st speed attainable with the Morse, under ordinary 
oiroiunstanoea, is aibout thiriy-five to forty words per minute. 
The hindrance, however, to a greater speed, is not in the instru- 
ment or the power of the electric current, but in the labour 
required for the transmission ; and when we oonsider that on 
an average ten or twelve distinot signals have to be given for 
every woi^ S(Qpt, we are only surprised that this extreme isie 
can ever be Attained. The lines and instruments are, howeter, 
ipable of aoooippli|ihing more than this; and hence means have 
been sought of inoreasing the speed of transmission, and thus 
accomplishing a greater amount ot work without incrimsing the 
numbtt of linerwires or instruments, since these add so grestly 
toths oost. . ' ~ 

One plan that has been tded^ especially on the Oontineat, 
oozisists in setting ap the mess^ in. ty^; this , is not made 
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on the or^nexj plan, but out ont of sheet braee in eudh a yn,j 
that the eleratione in it ooxxeepond to the maihs in the Morse 
alphabet This type is placed on a metal tray connected with 
ihe Une-wirCi and is made to traTel rapidly under a small 
spring connected with one pole of the battery. Thns at every 
delation in the type a current is transmitted, the duration of 
which is regulated by the arrangement of the type. Fig. 89 
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will illustrate this, the word ** Morse " being here shown as set 
up in the type. 

In this way several clerks might be occupied in setting up 
the messages, which could be snocessively tnwsmitted at a very 
great speed, all of them being transmitted along one wire. 
The strip of paper at the receiving station should, of course, be 
made to move in this case at a greater speed than usual. Be- 
sides the saving thus effected, &ere is an additional advantage 
attained by setting up a message in type, and this is that 
the same message might easily be sent in succession along 
different lines. In the case, for ^stance, of the Queen's speech 
in opening Parliament, the same message has to be sent to 
almost every town in the kingdom, and if once set up the same 
type may be run through each instrument. 

In this country, however, a somewhat different plan is 
adopted. There are, in fact, two systems of automatic 
transmission, invented respectively by Bain and Wheatstone, 
which have been tried. In both of these the message is 
punched in a strip of rather stout paper, which is then drawn 
through the transmitting apparatus. ]^n*B instrument was 
the earlier of the two, and was originally worked for some time 
on the line from Liverpool to Manchester, a speed of about 
seventy words per minute being attained. Difficulty was, how- 
ever, experienced in procuring a perfect arrangement for punch- 
ing the paper, and the insulation of the Unes was likewise 
defective ; ^is impeded the speed of the messages, and the use 
of the instruments was discontinued. 

The strip of paper was punched with the same signs as those 
received in the ordinary way, the embossed part being removed 
by the punch. A strip of paper with the word **Baln’* punched 
on it is shown at Fig. 40. When thus punctured, it is drawn 
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over a metallio roller connected with the line-wire, while a 
narrow metallio spring presses on its upper surface, and thus 
comes in contact with the roller wherever one of the spaces 
occurs. The end of this spring is usually divided into two or 
three prongs, so as to ensure a contact being made, and thus it 
will be seen currents of varying length are transmitted, just as 
when the ordinary Morse key is used. In the cose of a long 
message several operators may commence punching it at 
different parts, and the separate strips may easily bo joined 
together and drawn through the instrument. 

In Wheatstone's k^tomatio Telegraph the message is likewise 
punctured on a strip Of paper, but in a somewhat different way. 
Three punches are placed aide by side, the middle one being 
rathbr smaller than the others. A stud for striking with the hand 
is connected to the head of each, and the riband is drawn under 
them. 

The small centre punch is merely used to space out the words 
and letters, the one which is at the upper side being used to 
represent the dots of the Morse Code, and the lower one for the 
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dashes. The strip, when punched and ready for transmission, 
presents the appearance shown in Fig. 41. ih» word ** Wheat- 
stone’* is hero punched in it. 

The punching apparatus used is so arranged that the paper is 


moved forward a smell interval at each descent of a pnndi, and 
idms the proper Bpadng of the words and letters is attained. 

The transmittbig i^paratus required with this strip is, like 
the reoeiver, of a special oonstruotion. Three parallel wires are 
made to descend at oonstant intervals upon &e strip as it is 
moved onward, and the connections are so arranged that when 
the upper wire passes through an opening and touches the 
metal underneath, a positive cnrrent is transmitted, while the 
lower wire in like manner produces a negative onrrent. 

In the receiving instrument there is a small reservoir of ink 
with two minute apertures in its nnder surface, so small ihat the 
ink cannot flow through them. The strip is drawn under this, 
and two polarised electro-magnets are so arranged, that when a 
positive onrrent is received one of these foroes a small pointer 
through the right-hand aperture, and thns produces a dot on this 
edge St the strip ; when a negative current is received, the other 
magnet is (Midi into play, and produces a similar dot at the 
other side of the strip. The message as received then will 
present the appearanoe shown in Fig. 42. The merits of this 
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system are increased speed and greater accuracy. The punches 
are very easily and rapidly worked, bnt long-oontinaed striking 
tends to render the himds somewhat tender, and henoe in some , 
oases the punches are worked by pressed air, and a gentle touch 
suffices to allow the punch to act on the paper placed under it. 
A single wire will with this instmment keep several punches at 
one end and several readers at the other fully oooupied. 

The Queen’s speech on opening Parliament in 1871 was 
transmitted to many of the principal towns in England .by this 
instrument, and in one oaso a speed of 94 words per minute 
was attained. This was between London and Br^ord, and 
the wire was, of course, in very good condition as regards con- 
ductivity and insulation. The speech contained 1,780 words, 
and the length of the riband on which it was punctured was a 
little over 111 yards. 

On the same occasion the speeoh was transmitted to various 
places by the ordinary Morse instrument, and the greatest speed 
attained was on the line to Brighton, the whole message being 
transmitted to that place in 43^ minutes, that is, at an average 
speed of about 40 words per minute. This is the greatest spood 
ever recorded as being continued for suoh a length of time : a 
few abbreviations were, however, used. 

As we have already mentioned, a peculiar olioking sound is 
produced by the Morse instrument when at work. This is 
caused by osoillating lever striking against the set-aorews 
which regulate its play, and thus two taps are produced for 
every sign transmitted. When the dot is sent these taps suo- 
ooed one azMther very rapidly, but with the dash a longer 
interval elapses. An unpractised ear will, of course, be quite 
unable to ^oem this, but an experienced olerk is frequently 
able to receive and write down the message from the sound alone, 
without even looking at the strip. The instrument may indeed 
I be said to dictate it to him, and he writes it by ear. 

! The great advantage of this is at once apparent, but in 
Europe it is not considered well to receive the message in this 
way iJone. The strip is therefore generally allowed to receive the 
message, and this can bo referred to, if necessary, so as to ensure 
greater accuracy. In America, however, many olerks read 
entirely by ear, and instruments known as ** sounders” are 
especially oonstraoted for the purpose. 

The ’‘sounder” oonsists of an electro- magnet suitably 
mounted. Its keeper is fixed to a lever, at the other end of 
whioh is a small hammer made to play between two anvils. 
Iliese are so arranged that a less intense sound is produced by 
the upper than by the under one, and by means of adjusting 
screws and a spii^ spring the exact sound of each can be 
regulated. 

This instrument is very stmple in its oonstruotion, and has 
in most pi^ of America quite superseded other receivers. 
There is, however, one serious drawbMk to its employment, and 
that is the fact tlmt no written record is left. It is stated, 
however, that very few mistakes arise when it is ^ployed, and 
it is gradually being introduced into this country. 
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XXI. 

AClSCBLLA^OnS PLANTS OF OOHICXROIAL VALUS (CO^luded), 
Cobs Oax (Qtisreus «ub 0 r). — This tree closely resembles the 
^uereuf iZes, L, or eyergreen oak, so well known in English 
shmbbezies. It is indigenous to the mountainoas regions of 
Spain, ]^rtttgal, and the sooth of France. It grows from thirty 
to forty feet Idgh, and from two to three feet in diameter. 
Spain and Poring^ supply the greatest ^rtion of the oork 
which is used in Europe ; abundmtt supplies are also reoeiyed 
from the south of France at the foot of the l^yrenees, the 
islands of and Corsica, and the forests of Algeria. 

When this tree is about fire years of age, the oork, which 
composes the greater part of its bark, begins to increase in a 
very remarkable manner. Nearly all its yegetatiye aotiyity 


sober or oork— -yis., the living layer of cork beneath. After 
barking, the pieces of oork are slightly charred to dose the 
pores, then loaded with weights to flatten them, and finally 
stacked in square masses in some dry place, where they remain 
for two or th^e months. In drying they lose about one-fifth of 
their weight. 

Only when the trees are forty or fifty years old is the bark 
sufiSoiently matured for making good oorlu. substanoe is 
yaluable for bottle corks, because it is light, porous, oompres- 
slble, and sufficiently elastic to adapt itself to ibe neok of a 
bottle. It oan be out into any shape, and, notwithstanding its 
porosity, is impervious to any common liquid. These qualities 
make it superior to all other substances as a stoppering for 
bottles, for whiob it is principally used. Corks are made as 
follows : — 

The oork is first out into slips, which by means of a gauge 
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to be oonoentrated on this port, whioh grows nnnsually 
Isrge, tiuok, and spongy. If left on the tree it becomes cracked 
and so deeply fissured that it is unfit for use. It is therefore 
removed bdore this happens. Its removal doea not injure, but 
is benefioial to the tree, for if the oork is allowed to remain on 
its stem, the oork-oak seldom lives longer than fifty or sixty 
years ; if, on the contrary, it is removed, the tree floorishes' 
someilxnes for upwards of 150 years. After the tree is thirty 
years old its oork may he removed at intervals of from six to 
ten years. The first crop of oork is g^erally inferior in quality, 
and is principally nsed for making floats for fishing nets. The 
erops are usually gathered in the months of July and August. 
Two opposite longitudinal inoisions into the bark are made the 
whole length of the stem, and then seyeral transverse ones 
about three feet apart. The bark is now beaten to separate it 
from the subjacent liber, and detached in cylindrical pieces by 
inserting under it the handle of the instrument, which is curved 
and made thin at its extremity for this purpose. In effecting 
this rsmoval great care is taken not to htjjnre the newly-formed 

34 — n.e. 


are made narrow or wide, according to the sixe of the corks or 
bungs ordered ; these slips are then out into squares of the re-' 
quired length, whioh are cut circularly with a knife by the 
hand, and thrown into a basket. Cork-outting in Catalonia and 
the south of Fiance is a branch of maTmal labour which 
furnishes a livelihood for a considerable portion of the popula- 
tion. Several attempts have been made to out corks by machi- 
nery, but they have not superseded himd-labour. 

Cork is largely manufactured into soles for boots and shoes. 
Oork legrs, hat frames, mattresses, bolsters, life-preservers, and 
lifeboats are also manufactured from oork. Co^s were made 
of it by the aricient Egyptians. Many of the wealthier inhabi- 
tants of Spain have their houses lined with oork, whioh ensures 
the freedom of the rooms from damp. Cork, in thin slips, is 
used by entomologists as a lining to drawers and cabinets in 
whioh to fasten their insect pins. Spanish black and a black 
colour for painters are made from the calcined parings of oork. 

The quantity of oork annually imported into the United 
Kingdom is about 12,000 tons. I^e price per ton vazies firom 
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.£17 npwajPcU, according to quality. The Spanish cork is the 
best, and fet^es the highest price. Cork is used to a con- 
siderable eictent in its ** virgin ** or original bark condition for 
varums pnrposes of doral. decoration, and in the formation of 
mstic ornaments. 

Balsa (Oehroma Lagopus; natural order, Sterculioeeas), — The 
wood of ^8 tree, being soft and light like cork, is used for 
stoppi^ bottles. The never-sinking rafts, which at the dis- 
covery Gt South America caused such surprise, were oonstructed 
of it, and are so stUl. This tree preva^ along the coasts of 
South America and the West Indies. 

The silky hair of the capsule of this plant, as well as that of 
other species of the order, is employed for stuffing pillows 
and cushions. 

Soda and Potash, which occur abundantly in plants, are 
important articles in commerce, and the plants which yield 
them are therefore deserving of notice. A large propoHion of 
the, plants glowing on sea-coasts contain so^ whilst inland 
plants oontm potesh. Various species of BaMa, especially 
8, kniUt B(iiii4eornia, and 8. Kochia, furnish the soda of com^ 
meroe. The best so^ oomes to ns tinder the name of barilla, 
which is, in I aOt, ihe incinerated ash of BaiUola haU* This plant 
is oarehilly cultivated in the Spanieh provinces of Murcia, 
Valentia, OarthAgena, Malaga, and Alicante, whioh oarzy on a 
considerable trade in the artiole. 

** The seed is sown in light aoils, which are embanked toward 
the sea-shore, and famished with sluices for admitting an ooca- 
sional overflow of salt water. When the plants are ripe, the 
crop is out down and dried, the seeds are rubbed oat and pre- 
served, and the /rest of the plant is burnt in rude furnaces, at a 
temperature just sufficient to cause the ashes to entmr into a 
state of semi-fusion, so as to oonorete on cooling into cellular 
compact masses. Die most valuable variety of this artiole in 
call^ itoesf ha/rilla. It has a greyish-blue colour, and becomes 
covered with a saline effloresoonoe when exposed for some time 
to the air. It is hard and difficult to break ; when applied to 
tho tongue it excites a pungent alkaline taste/’* An inferior 
soda is made in France, England, Ireland, and the Shetlands, 
from seA-weed, and brought into oommeroe under the name of 
kelp. Large revenues were onoe derived by the proprietors of 
the shores of the Scottish islands from the ineineration of sea- 
weed by their tenants, who usually paid their rout in kelp. 
Carbonate of soda is now made from common salt (chloride of 
Riodium), yet ^e burning of sea-weeds, etc., is still largely fol- 
lowed for the sake of the iodine contained in the ashes, 

Potash is prepared for oommeroe by evaporating in iron pots 
the lixivium of wood-ashes ; hence the name potash. The potash 
in plants is very soluble in water. H tho wood-ash, which is an 
impure carbonate of potash, be put into water, and quiok-lime 
be Added to the solution, l^e lime win abstract the carbonic 
acid from the carbonate of potash, and form an insoluble car- 
bonate of lims, whioh will be precipitated, and the potash will 
bo token up by the water, which will thus be rendered power- 
fully alkalinic. The lixivium or clear alkaline liqnor thus ob- 
tained is then decanted off, and evaporated to dryness in iron 
pots, the residuum is oaloined to remove all organio matter, and 
the product thus obtained forms the crude potash of oommeroe. 
The different varieties of potash are named either after the 
locality in whioh they are produced, or tho route by whioh they 
arrive. Thus wo have American, Bussion, German, Illyrian, 
^'oxon, Bohemian, and Heidelberg potashes. When still further 
purifled, by additional oaloination, potash is termed pearl-ash. 

Potash can only be obtained abundantly in countries where 
there are vast natural forests, amd where wood is so cheap that 
it only costs the labour of felling and hauling. In many parts 
(.'f America, whore timber is an encumbrance on tho soil, it is 
felled, piled up in P 3 rramid 8 , and burned, solely with a view to 
the manufacture of this product. 

Potash is A very considerable artiole of oommeroe. Eussia 
produoes annually over 300,000 owt., which are exported from 
Petersburg, Biga, and Archangel ; and from Poland, vid Warsaw 
and Cracow : from East and West Prussia, vid Bantzio and 
Kdnigsberg, vast quantities of potash are also exported. Hun- 
gary produces annually 150,000 owt. of potash, of whioh 50,000 
owt. go to supply the demand in Bavaria and Saxony. The 
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Harz district, the forests of Thuringia, and almost parts of 
Germany rich in wood, supply potash. In modem times, how- 
ever, it is received in the greatest quantitieB from Canada and 
the United States, vid Boston and New York. 

Potash is largely oonsumed in the manufacture of glass, 
porcelain, earthenware, and gunpowder ; in colour and ohemioal 
manufactories ; and al^ in ^eing and bleaehing, 

Tindbb. — T he internal spongy portion of several species of 
PolyponUt soaked in a solution ot nitre, forms tinder. The 
principal plaoes for the production, of this fuel are, besides 
Hungary, Poland, and Sweden, Alsaoe, the country around Uhn, 
NuremWg, Augsburg, and Frankfurt, in Germany. Germany 
supplies the French, English, and Dutch markets, and Sweden 
the countries around the Baltic. 

Fuller’s TEiCZBL {Dipsaeus FvXlanums natural order, Dty- 
aacacem). — This plant is closely allied to the Composito!, but 
differs in having free stamens, and a pendulous ovule. It is 
valuable for its large oonioal composite flower-heads, which 
have hard stiff bracts, the sharp p^ts of whioh are hooked. 
Theee bracts remain after the flowers have died, and their 
points are so admirably adapted for raising the nap on woollen 
doth, ibat no invention has yet been found to supersede them. 
Many oarding maohines have been intzoduoed, but the best 
clothiers still prefer the teasel for finishing tbdr doth. For 
this purpose tho oonioal teasel heads are out up into halves ajsd 
quarters, and fixed into a eylindrioal frame, with the hooked 
bracts outwards, whioh frame is made to rotyte over the sur- 
faoe of the doth, until the little sharp, hooks of the ieaad have 
scratched up the required nap. Teazd heads, under the name 
of weavers’ carders, are an extensive artiole of oommeroe, and 
cultivated in Franco, Italy, Holland, Germany, and the of 
England. Large quantities are annually imported into the 
United Kingdom from Hamburg and Holhmd. The teazels are 
made up into bundles for sale to the clothiers, eaoh bundle oon- 
isining from 9,000 to 10,000 plants. In addition to the quan- 
tities imported, there is a considerable home produoe. 

Bulrushes [Bcirpm lamatrUt L.*, natural order, Cyperaeem). 
— ^The bulrush, or bull-rush, grows dong the margins of rivers, 
lakes, and ponds, especially in Northern Europe ai^ the Nether- 
lands. This plant is used in making the seaty of msh-bottomed 
ohairp ;■ it is also in great demand among coopers, who place it 
between the staves, of caaks intended to hold liquid. The pithy 
struotnre of the rush, induoes the swelling of the oulm, and the 
interstiees between the staves are thus closed, and the cask 
rendered water-tight. Many vessels laden with this rush arrive 
annually in England from Holland and Belgium, bringing thirty 
or forty tons of rushes eaoh voyage. This is a very large 
quantity, oonsidering Ibe lightness of the material. More thw 
1,000 tons of bulrushes are annually imported into the United 
Kingdom. 

Soft Bubh [Jwucus L. ; natural order, 

The pith of tfaSMommon sc^t rush, as also that of Juneus^ con- 
glomeratuif is employed for making the wioks of rush-lights, 
whioh continue to be used, althou^ not so much as former^. 

In Japan, the manufacture of mats, etc., from rushes, is a 
regular trade. The floors of the houses are covered with rush 
mats of great beauty and variety, and rush mats ore the only 
oarpets and beds used by the Chinese. A light sort of matting 
made of the same material is used as a window blind. The 
sugar sent home from the East Indies is packed in bags made 
of rush-matting. The size of the Japanese rush mats appears 
to be regulated by law, for they are all of the same magnitude 
throughout the kingdom, the only exception being the mats in 
the imperial palaoe at Jeddo. Bushes are also used for chair 
bottoms and baskets. 

Dutch Bush (E^wUetwin hyemale^ L. ; natural order, Eqwi- 
aetobceoB). — ^Used for polishing hard woods, alabaster, marbles, 
and other substanoes, for which purpose it is well adapted, by 
the large quantity of silex whioh is contained in its outlble. 
The invention of sand and emery papers in modem times has, 
however, now almost superseded this natural polisher. It is 
still mu^ used in HoUwd, where it grows abundantly in low 
boggy ground ; it is found in damp wo^s in Great Britain, bat 
is oooasionally imported from Holland. 

Bast {TUia natural order, Tiliacom). — ^The com- 

mon linden or lime-tree is easily recognised by its obliquely 
cordate, unsymmetrioal leaf, and tiie ouriona bract to whioh the 
pedunole or flower-stem adores. In Northern Europe and 
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BuMia, b»0t mfKtoi ropes, and twines are made from the inner 
fibrous bark of tiiis tree. At the proper season the stems are 
cut longitudinally, and the bark is taken off in long strips. 
The outer bark is easily separated from the inner ; and 
latter dried oonstitates &e bast of oomineroe. This is plaited 
by the Bnseiane into mate from a yard and a half to two yards 
square, wbids are mudh used by gardeners and upholsterers. 
These mats are also employed for lining the holds of vessels 
intended to receive oom. Not fewer than 14,000,000 are 
;innually imported into Ihe United Kingdom from various 
Kassian ports, but chiefly from Arehangel. 

AGRICULTURAL CHEMISTRY.— VIII. 

BT BIB OHABIilB A. OAXBBON, PH.I»., M.A. 

Professor of Hygiene in the Boyal College of Btugeens, Ireland, ete. 

CHAPTEE VIII.-NITEOaENOtJSMANUBES, 

The most valuable kinds of manures at present employed are 
those which, owing to the large amount of nitrogen which they 
contain, are termed nitrogenous. In this chapter we propose to 
desbribe, the more important fertUisers which act chiefly by 
means of their nitrogen, but some of which are also more or 
less usef^ on account of the phosphates and alkaline salts 
which they contain. 

Peruvian guano is the most generally employed nitrogenous 
manure. The term “ guano is a corruption of the Peruvian 
(Indian) word huano, signifying dung. During countless og^s 
this manure has been employed in Peru, and in such high 
estimation was it held, that any person detected in the act of 
killing the sea-fowls whose dried ercrota constituted this manure, 
was Uable to bo punished by death. We need not feel sur- 
prised at the protection afforded to the gnanp-producing birds, 
when we learn that large tracts of country would have remained 
unproductive were it not for the liberal application of guano to 
their soils. 

In Peru rain is a rare phenomenon, and the temperature is 
very high. The conditions for the preservation of the excreta of 
birds are therefore most favourable in this climate. Countless 
sea-fowl frequent the isles and rocky promontories of the 
coasts, and their excrements are rapidly dried, and in a manner 
baked immediately after being voided. The dried excreta are 
to a large extent soluble in water ; but in Peru there is no 
rain to wash away the soluble ingredients of the guano, and 
consequently little save water is lost by evaporation or solu- 
tion. In other countries, whore bird-manure accumulates in 
( (!rtain places, the rain washes away the greater portion of 
tlie alkaline salts, whilst by fermentation, induct by the 
united inflnenoo of moisture and heat, a portion of its nitrogen 
escapes in the form of ammonia, and the rest is perhaps alto- 
gether washed away by rain. 

Peruvian guano contains large proportions of ammonio 
urate, oxaJa^, and phosphate, various alkaline salts (com- 
pounds of the metals sodium and potassiam with acids and 
v.hiorine), calcic phosphate, and organic matter. Until recently 
an average sample of Peruvian guano had the following com- 


position per 100 parts : — 

Hoistoro 12 

I7itrogenous organic matter and amtnoniaoal salts. 66 

Yielding ammonia (16) 

Tricalolo phosphate (trlbaslo phosphate of lime) . 22‘5 

Alkaline salts 9 

Insblnble mineral lalts 0'6 


100*0 

As the annual importations of Peruvian guano into these 
countries amount to hundreds of thousands of tons, and as 
three-fourths of its value (when of good quality) are due to its 
nitrogen, the proportion of that ingredient in a sample of guano 
is a matter of prime importance to the purchaser of the article. 
Tbe importations during some recent years have, however, been 
•f a most variable character, although formerly no manure 
possessed a more constant composition than Chinchas Islands 
(Peruvian) guano. In very few samples has the per-oonta|r9 
of ammonia * risen to 16, whilst in many but 9 per cent, of 


* 14 parts of nitrogen are equivalent to 17 parts of ammonia. In 
guano Ofnly a portion of the nitrogen mdett in the form of ammonia ; 
tlje rest is a ooostitumit of nrio add and other nitrogenous bodies. 


ihia constituent has been found. The Importers of reruyian, 
guano refuse to guarantee the presence of any partioular amount 
of ammonia ; hence the purchasers of this once standard xoapure 
are liable to pay .£12 or ^13 for an article that may not be 
actually worth ^9. , / 

Peruvian gnwo is frequently largely adulterated with clay, 
plaster of Paris,, ochre, and inferior .phosphatic guanos., /' We 
have often examined Peruvian guano oonta^ng from 30 to 60 
per cent, of fraudulently added earthy or other useless matters. 
When genuine and of good quality, this kind of guano has a 
light brown or greyish colour. It oondsts of powder com- 
mingled with hard lumps, which on being broken eriiibit a 
lighter colour and a crystalline appearance. A bushel qf ^,goQd 
guano weighs about seventy pounds, whilst adulterated kinds 
often weigh more than a hundred pounds per bushel. . A rough 
test of the purity of the article is to bum three-quarters of an 
ounce of the snspooted sample upon a piece, of tin or hrop piooed 
on a clear fire. If the residne be not more than a quarter of an 
ounce, the guano is probably pore; but if the residue amounts to 
half an ounce, the sample is either extremely infemr, or grossly 
adulterated. Guano adulterated with ochre or clay has usually 
a dark-brown colour, and it is much colder to the touch, and 
feels heavier than good Peruvian guano. 

Peruvian guano is largely used as a manure for cereals ; it 
is also commonly applied to green crops, but superphpsphate 
of lime is more generally used for tbe latter. A mixture of 
two parts of superphosphate of lame and one of Peruvian 
guano usually gives good results when applied to mangolds, 
turnips, and other root-crops. The best results follow the use 
of this manure when it is applied to heavy clays containing but 
little organic matter ; light soilB, on the contrary, appear to be 
more benefited by the application of phosphatic manures. 

Sal-ammoniac, or ammonio ohlorido, and ammonic snlphato, 
are very valuable nitrogenous manures ; indeed, it is probable 
that it is their ammonia alone which is useful to plants. When 
coal is submitted to what is termed destructive ^tillation, for 
the purpose of preparing illuminating gas, the small proportion 
of nitrogen which the fuel contains unites with part of the 
hydrogen, and forms the gas termed ammonia. Tim gases 
ovolv^ from the highly -heated coal are passed through water, 
which dissolves nearly all the ammonia, and some tarry, matters, 
carbonic acid, and sulphuretted hydrogen. The water saturated 
with these matters is termed gas liquor, or ammoniaoal liquor, 
and it is the source of nearly the whole of the ammonia and 
ammoniacal salts manufactured in the United Kingdom. Ttiis 
liquor is put into large tanks, and heated by steam-pipes. The 
ammonia is driven off, and forced into veBsels containing either 
sulphuric acid or muriatic acid (ohlorhydrio acid). The acid 
and ammonia unite, producing a sulphate or muriate, as the 
case may be. The solution of the ommoniotfal salt is next 
boiled down, and tbe salt crystallised. 

(ISommeroial ammonio aulphato contains about 25 per cent, of 
ammonia, and sal-ammoniac 80 per cent, of ammonia. In the 
former salt there is sometimes present a salt termed sulphooya- 
nide of ammonium, which is poisonous to plants. The presence 
of this compound may be detected by adding to a solution of 
the ammonio sulphate a few drops of solution of ferrio chiloride 
or sulphate (perohlorido, or persulphate of iron) which has 
the effect of producing with the sulphocyanide of ammouinm a 
deep red colour. 

The ammoniacal salts supply nitrogen to plants, and these 
are most efficacious when applied to the cereals and the natural 
grasses. The leguminous crops are not always benefited by the 
application of ammonia salts. 

Gas liquor, diluted with four times its bulk of water, may be 
employed as a liquid manure. It is on excellent addition to 
the compost heap. Gas lime (the refuse lime, containing 
certain imparities derived from coal gas) is held in high ee>ti- 
mation as a manure, but we believe it to be seldom worth the 
cost of its carriage from the gas works to the field. It con- 
tains only a trace of ammonia, and it is merely the lime of which 
it is mainly composed that renders It at all useful. 

Soot is used largely for mannrial purposes. It consists of 
carbon (charcoal), s^ts of ammonia, gypsum, and other minerals, 
and various organic bodies. The amount of ammonia varies 
from 1 to 6 per cent. This manure is used chiefly as a 
spring top-dressing to pastures and meadows. Dried blood, 
hiur, leader clippings, feathers, bom ahaviug, shoddy, and 
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WOOII 011 ftro used for manuiial pnxpofei. They oontain 
About A fri^th pArt of their weight of nitrogen { but with the 
exception of dried blood, ibey deoompoee extremely alowly in 
the soil. Shoddy end woollen rege may be rendered imme- 
diately ATAilable by eteeping them in strong snlphnrio aoid for 
a few days. Their decomposition may ahK) be hastened by 
incorporating them with a compost in a state of actiye fer- 
mentation. The artificial manure mannfaotorers often use these 
articles as cheap sonroes of nitrogen, but for this purpose they 
are not nearly so raluable as ammonic sulphate, gnano, or 
blood. 

Bape*oake, at one time used exolusiyely as a manure, is now 
hurgelj empl^ed as a food for stock. It decomposes readily 
enongh in the soil, and its action is seldom felt i^ter the first 
year. In eiery 100 pounds there are about 6 pounds of nitro- 
gen, xHmnds of phosphoric acid, and 2 pounds of alkaline 
■alia. It is chiefly need as a manure for wheat, and may be 
either drilled in with the seeds or applied as a top-dressing 
in the spring. 

Bodio nitrate (nitrate of soda or cubic nitre) is one of the 
best top-dressings applied to the cereals ; under its influence 
the sickly yellowish colour which growing wheat sometimes 
assumes is generally changed into a healthy green. Commercial 
sodic nitrate contains about 17 per cent, of nitrogen, somewhat 
loss than is yielded by ammonic sulphate. 

Before being applied, sodic nitrate should be mixed with 
three or four times its weight of ashes, common salt, or some 
such material, and it should be applied as equally as possible 
to the soil. These observations apply likewise to all the con- 
centrated manures. When sodic nitrate is pure it evolves, when 
thrown into the fire, a fine yellow light ; but if adulterated with 
oommon salt, the colour is greenish-yellow. Dry sodic nitrate 
contains 03*53 per cent, of nitric aoid, which is expelled from 
the salt at a red heat. If an ounce of the nitrate does not lose 
by prolonged ignition nearly two-thirds of an ounce, it indf- 
oates some such adulterant as sodic sulphate (Glauber salts) or 
common salt. 


PRACTICAL PERSPECTIVE.— IX. 

Thb object of this lesson is to show the method of putting 
into perspective an object when placed at an angle to the 
picture, and at a distance from the foreground. 

Let us, in the first place, recapitulate the method of project- 
ing the object when one of its angles touches the picture-plane. 

In Fig. 44 B 0 a D is the plan of the cubical figrure which is 
to form the subject of the lesson. 

Haying drawn the picture-line, horizontal lino, and line of 
direction, and having fixed the station-point s, construct at s 
t!io angles a s u and 1 s J equal to the angles c b x, d b r in 
the plan, and produce the lines s o and s i to meet the hori- 
zontal line in vpI and vp2 (the last-named point is not shown 
in the figure) ; from vrl and vp2, with radius extending to s, 
describe arcs ontting the horizontid line in hpI and mp2. 

Now at b' (the dirtanoe of the nearest angle of the object on 
the right of the spectator) erect a perpendicular b' f, equal to 
^e height of the object, and from b' diaw lines to the vanish- 
ing points ; set off on the picture-line the lengths b^c and b' d' 
equal to b c and b d on the plan, and draw lines to the measuring- 
pdnts. These lines will, as already shown, out tiiose drawn to 
the v a ni i hin g-ymats, and tiius give the positions of the edges, 
which will stand pacg mad isular^ on the points c and o in the 
plan. 

hkom F draw lines to the vanishing-points, and then the per- 
pendUmlars c and d will complete the projection of the object. 

We now proceed to delineate the object when placed on the 
left of the spectator and within the picture (Fig. 46). 

It will, in the first place, be necessary to find the points of 
distance, and it will be remembered that these are at the same 
distance from the centre of the picture as s. Therefore from 0 , 
mth^ radius c s, describe a semicircle, cutting the horizontal 
line in the points pdI and pn2. 

Now find the vanishing-points and measuring-points. In the 
present cose these are the same as have been u^ in Fig. 44. 

^ In the first instonoct mark the point b, which would be the 
situation of the front edge qf the object if it were in the imme- 
diate foreground. 

Now, as the object is to be moved directly backward, it will 


travel in a line at right angles to zhe picture-plane, and such a 
line will vanish in tiie centre of the pioture. Therefore— 

iVom h draw a line to c, and 

From 5 set off b 0 , representing the distance which the object 
is supposed to be within the ; and from a draw a line to 

Ihe pAat of distance, cutting b 0 in F. 

l&ough V draw a horisontsl Une, called the movable base-line^ 
and this, in the actual working ot the subject, will take the 
place of the picture-line. 

Now on each side of the point b on the piotuxe^line set off the 
real length of the sides, as per plan — vis., be and 6 d—and from 
these points draw lines to ^e centre of the picture, cutting the 
movable base-line in cf and d^ The movable base-line is thus 
divided proportionately to the oorresponding portion of the 
piotnxe-I^e,* and now the work can proceed in a manner pre- 
cisely similar to that in Fig. 44. 

From V draw lines to the vanishing-points, and from d and 
d* draw lines to the measuring-points, cutting tiieae in and d!' . 

At b' erect a perpendicular for the front of the object ; but 
the question now arises, how to out this off at the required 
height, for, of course, as it is in the distance, the reel height 
will be diminished, but how muoh P Now it will be rememberod 
that the whole object has moved backward in a direct track from 
the point b in the foreground. Therefore draw at b a perpen- 
dioular of the true height of the objeot — viz., b f — and from J 
draw a line to the centre of the picture, out^g the perpen- 
dicular b' in f. 

Then b" / is the perspective height of the front perpendicular 
of the objeot, for it will be seen that it is a portion of a plane 
standing in the line from b to c, and bounded at the top by the 
line/o. 

From f draw linos to the vanishing-points. 

At e" and d"' erect perpendioulara, meeting these, and giving 
the perspective height of the edges c and d. 

From the upper extremities of these draw lines to the 
vanishing-points, which will complete the ph>jeotion. 

Exbroisb 33. 

The soale to be | inch to the foot; the height of the spectator, 6 
feet ; his distance, 18 feet. 

Put into perspective a cubical figure, 4 feet square at base snd 9 feet 
high, when its left side recedes from the piotare-plane at 40*’, and its 
nearest angle is at 6 feet on the left of the spectator. 

Exxbcisx 84. 

Put into perspective the same ol^ject when it is at 8 feet on the right 
of the spectator, and 10 feet within the pioture. 

Fig. 46. — ^The subject of this lesson is a square block or 
plinth, on which rests another square block of smaller size, thus 
leaving a ledge or step all round. 

The height and dikanoe of the spectator having been duly 
arranged, and the width and position, A b, of the objeot having 
been marked, draw lines from A and B to the centre of the 
pioture. 

From B draw a line to the point of distsnoe, cutting the 
line AO in o'. 

From c' draw a horizontal line, outting the line B c in D. 

A o' B D is then the plan of the plinth. 

This figure will be seen to contain one diagonal, B cf. Draw 
the second, A d. 

It is now necessary to draw within this plan the plan of the 
upper block ; that is, to show where the upper block would 
stand if it penetrated the plinth and touched the ground. 

From A mark off e, and from B mark off F, each of the 
lengths A x and b f being equal to the distance which the 
plinth projects beyond the upper blook ; that is, the width of 
the led^ or step all round. 

From X and F draw lines to the centre of the pioture, cutting 
the diagonals in e g and / h respectively. 

Join efhg^ and the figure thus formed will be the plan of 
the upper blmk. 

Now, as the upper blook stands book from the plan of the 
pioture, it will be easily understood that the peixppeotivo height 
will be different from the real height, and therefore it beoomes 
necessary to ereot in the immediate foreground a perpendicular, 
on which all heights are marked, and from which their apparent 


* See '*Pxaotieal Geometry Applied to Linear Drawing, *' Fig. 2 , 
(Tol. I., p. 64). 
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heights are obtamed. This perpesdioolar is called the lins of 

To obtain tiiis» draw a lino frozh o, passing through the 
intersection i of the diagonals A D, B c', and meeting the pic- 
ture-line in L. 

At L erect the required perpendioulari of indefinite height. 

These preliminaries being settled, er^ perpendiculars from 
each of the angles A, fi, o', d. 

On the line of measurement mark off L j, the height of the 


Now it will be seen that the line drawn from the centre of 
the picture, through t in the ground-plan, passes through « / in 
which point is immediately under k\ Therefore a perpendi- 
cular raised from h should, if the work has been correctly done, 
pass through If , and this line represents the plan or surface of 
the smaller block. 

Now on the line of measurement set off l', the real height of 
the upper block, and from il draw l' c, cutting the perpendi- 
cular k Jf in h 




plinth ; through 3 draw a horiaontal, cutting the perpendiculars Through I draw a horizontal, cutting the perpendioularB e 
A and B in a and h ; the horizontal a 6 , thus obtained, will be and / in m and n. 

the upper edge cff the front of the plinth. The rectangle e' tn n /' is then the front of the upper block. 

From a and h draw lines to 0, cutting the perpendiculars o', D From m and n draw lines to c, cutting the perpendionlars g 

in e and d. Join 0 d, which will oomplete the plinth. and h in p and 0, Join these points, and the figure will be 

On the upper surface of the plinlli draw the diagonals a d completed, 
and b 0. From the nature of the lessons which hare been already 

From the points 0, /, g, h (the angles of the inner figure) in giTen in this important subject the student will have learnt the 
the ereot pexpsn^onlars, cutting the diagonals a d and , necessity of proceeding with jealous care from step to step, so 
b 0 in 0', f, y', h\ I as to ensure accuracy in his work. It is better to repeat every 

Join these points, and from 3 on the line of measurement I measurement twice, if not thrice, before proceeding to work 
draw a line to c, cutting the line 0'/ in JIf, I from or by any point or line thus obtained, as a single folse 
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ntop, invblvinif even a very mintite error in distance or position, 
inay prove the means of rendering: a s^i^t deal of otherwise 
eatefnlly bestowed labour useless, and compelling the learner 
to cancel the faulty drawing and begin another. 

Another point to be insisted on in writing a description ^ 
the method adopted in working out any problem or exercise is 
an accurate and careful rendeting of the lines and points of 
measurement, shown in the figure by letters, and a rigid ad- 
herence to the letter or letters by which each point or line is 
known when once fixed. Although it is not absolutely necessary, 
it is better always to designate a line by two letters, namely, 
those assigned to the points which are its extremities, an angle 
as well as a triangle by three letters, and a parallelogram or 
trapezium by fov/r letters, taking oare in the last-named case 
that the letters of the comers read in regular order round the 
figure in either direction, as b, d, c, or b, c, b, d, in the plan 
in Fig. 44, and not B, d, o, b, or B, c, d, E, as is frequently but 
inaccurately written by students. 

SEATS OF INDUSTRY.—VIIL 

DUNDEE.— L 

BY WILLIAM WATT WBBSTEB. 

Thbbe are few towns in Europe that owe their importance and 
prosperity so largely to the onitivation of one branch of manu- 
facture as the town of Dundee, the chief seat of the linen trade 
la Scotland, and, although both sides of the Atlantic were to be 
searched for parallels, it would not be easy to find many in- 
stances of towns that have made more rapid progress. How 
the Scotch linen trade came to be oonoontrated to so large an 
extent in Dundee is a question that has often been asked, but 
never satisfactorily answered. Frequent and persevering efferts 
were made to establish various industries in the town, previous 
to the time when the manufacture of the coarser descriptions of 
linen cloth became the staple trade of the place, but they all 
sooner or later ended in failure. Linen manufacture is the only 
industry of any magnitude that has been permanently sncoessful 
in Dundee, and it seems to have been adopted simply as one 
among the many experiments that were tried. Commenting 
on the " wonderful progress *’ of the linen manufacture in this 
town, Mr. M^Cnllooh says, ** Something must be ascribed to the 
convenient situation of the port for obtaining supplies of raw 
material ; and more, perhaps, to the manufacture having been 
long established in the towns and villages of Strathmore, the 
Oarse of Gowrie, and the northern part of Fife, of which Dundee 
is the emporium. But these oiroumstances do not seem ade- 
quate to explain the superiority to which she has recently 
attained in that department ; and, however unphilosophiool 
it may seem, we do not really know that we can ascribe it 
to an^^hing else than a oonourrence of fortunate accidents." 
Of course, the chance theory is no explanation, but merely an 
ingenious method of stating that onr information regarding the 
early history of the Dundee linen trade is not complete and 
perfect enough to furnish a solution of the problem. Ae enter- 
prise of the inhabitants ought, however, to be considered among 
the causes of the extraordinary prosperity of the town, and a 
brief sketch of its history and growth will show this influence 
at work in the periods when its progress was most marked. 

The ^me Dundee is said to bo derived from Don Dei, a 
corruption of Donv/nt Dei, and to have been conferred on the 
town in commemoration of the extraordinary escape from 
shipwreck of Prince David, Earl of Huntingdon, not far from 
the month of the Tay, on his return from the Crusades, in 
the year 1189. Pwvious to that date the town was called Alsc- 
ih/w, or AiUlee, which in the Ghielio tongue signifies “pleasant," 
or “beautiful." Taod^nu.m, the “hill or fort on the Tay," 
was the name liestowed upon their settlement in this quarter 
by the Homans, who, it is recorded, were so struok by the resem- 
blanoe between the river and their own “ father Tiber " when 
^ey first approached it, that they exclaimed “Decs Tiber f" 
There is a tradition that about the year 834 a British foroe 
having encamped on Tothelbrow, in the parish of Strathmartine, 
and the Scotch army, under Alpine, Imv^g occupied Dundee 
Law, a hill on the north side of the town, about 625 feet above 
the level of the Tay, a battle was fought in the intervenii^ 
plain, which resulted in the defeat of the Scots and the capture 
and execution of their king. It was not till the accession of 


William the Lion, in 1165, that Dundee wilt incorporated as a 
royal burgh, but It had enjoyed many privilegm before that date, 
and must have been a town of no email ooheequence. Traces 
of fortifications have been obserred on the suinmit of Dundee 
Law, which are believed to have been erected by Edward I., 
who twice sacked and burned the town, Ih 1296 and in 1808, and 
by whom its ancient records were derived. It was recovered, 
however, by WaUaoe and Bruch, in li297, and by Bruce in 1313, 
and at the latter date the old oastie was demolished. Dundee 
was again burned to the ground by the Duke of Lancaster, in 
1385, and it suffered a similar fath in the reign of Edward VI., 
when the English held possession of Droughty Castle. George 
Wishart preached the principles of the Beformation here during 
the plague, in 1544, from one of the gates of the town, which 
served to separate the uninfected from the infected, the arch- 
way of which is still standing. ^Through Wishartis teaching and 
the influence of James HalUbnrton, one of the earliest and 
ablest of the Scottish Beformers, and a native of the place, 
Dundee was the first of all the Scottish towns to renounce 
Popery, and openly profess the reformed religion. It is worthy 
of mention that dnmatio representations, in which the vices and 
absurdities of the priests were ridiculed, were among the means 
resorted to j>y the earlier Beformers to wean the affections of 
the people of the town from the Boman Catholic Church. Two 
brothers of the name of Wedderburn were oonspicuons among 
the writers of these polemical plays, one of whom was vicar of 
Dundee, and they are also remembered as the authors of “ Gude 
I and Gb>dly Ballads," a series of songs devoted to the same 
cause. A third brother is said to have “ turned the tunes and 
tenors of many profane songs into godly songs and hymns, 
whereby he stirred up the affeotions of many;" and it has been 
suggested that these were the tunes referred to by Boms, as 
“ Dundee’s wild warbling measures.’* But the adhesion of the 
inhabitants to the Solemn League and Covenant brought severe 
disaster to the town, for the Marquis of Montrose, in 1645, 
burned and plundered it. Dundee, howevcif, suffered still more 
irom Cromwell than it did from Montrose, for its citizens having 
refused to surrender to his authority, the Dictator sent General 
Monk against it. A gallant resistance having been made, Monk 
stormed the town, killed about a thousand soldiers and in- 
habitants, and afterwards plundered and burned the place. 
Each solder in the viotorions army had nearly ^60 sterling 
as his share of the booty ; but none of them were destined 
to enjoy any portion of the treasure, for the sixty vessels 
oontaining it were totally wreoked on their way to England. 
This was the last great disaster that Dundee sustained, and 
since that date it has made steady progress, nor has its subse- 
quent history been marked by any extraordinary event. 

It is not known when the linen manufacture was introduced 
into Dundee, but it was doubtless carried on there at a very 
remote period although only on a small scale. Several highly 
interesting references are made to linen m anoient Soottish re- 
cords, and it Vonld appear that the dressing, spinning, and 
weaving of flax was a part of the general domestic Work of the 
people for many oentnries. It is mentioned that at the battle 
of Bannockburn, in 1314, “carters, wainmen, lackeys, and women 
put on shirts, smocks, and other white linens, aloffc upon their 
usual garments, and bound towels and napkins on their spears, 
staves, eto." The rental lists of the Marquis of Huntly show 
that in 1600 rent was sometimes paid in linen ; and an ^glish- 
man, who made a tour in the Highlands of Sootland about tho 
year 1618, states that the master of the house, whether laird, 
fanner, or cottar, “ will wear no shirt but of the flax that 
grows on his own ground, or of his wife's, daughters', or ser- 
vants' spinning." 

Towa^ the close of the sixteenth oentury, linen goods were 
among the principal exports from Sootland, an6 wero sent both 
to England and to foreign countries. Between 10,000 and 
11,000 persons were said to have been employed in Sootlancl 
about this time in making linen for the English market. Un- 
fortunately, the Scottish Parliaoient passed a law prohibiting 
the importation of woollen goods from England, and this policy 
led to the prohibition of Scotch linen by the English Parlia- 
ment, which for a time completely ruin^ tiie linen trade of 
Sootland. In 1686 the Soottish Parliament passed a curious 
law, entitled an “ Act for Burying in Scotch linen," in which 
it was decreed that “ hereafter no corpse of any persons what- 
soever shall be buried in any shirt, sheets, or anything else, 
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«so6pt in plain Hnan or doth of hard«i made and spun within 
the kbgd^, withont laoe or poiniiu** The duty of receiving 
and recording oertifi^tea that bodies had been buried as directed i 
devolved on the parish minii^, and severe penalties attached ! 
to breaches of the Act. In 1698 another Act was paased, ** auent 
light measuring and making of linen cloth/’ and ordaining 
that seals be put on every pirn or hall-pieoe, as a proof that it | 
was the right length, breadth, and quality. The Union gave 
a great impetus to the linen trade of Scotland, the duties on 
linen goods exported to England having then been abolished, and 
the colonial markets open^ for Scot^ manufactures. At this 
period some 1,500,000 yards of the coarser kinds of linen doth 
were annually manufaotered in Scotland; and in 1720 the linens 
exported to England alone were vdued 1 ^ ^200,000. Seven 
years later a bwd was eatabliiri^l to prontete] and eftodsmsO 
the manufactures of Scotland, wlM had a poiNrfal infit^oe 
in developing the linen mantd!s«ttir^ of Dm^lae. iThh inoofpo- 
ration of the British Linen Coahj^iray^^^^^^ 1746, was 

also a great event in the histciPf Of ^ Sbctdi^ trade. This 

company imported flax, linseed^ and iddbh wOre sold on 

credit to respectable manulaoitoers, and it bou|j^t back' the 
yam and linen they made at fair, prices. The British Linen 
Company also advanced money to manufaetetfers. oO exceed* 
ingly reasonable terms, the original subsorib^s ' hot hating 
entmred upon the enterprise wf(h vieh^ of iflhldfhg gain, but 
simply in order to further the welfa^ of the llneh tnide. 

Die linens manufactured in Scotland were described 1^ a 
writer in the ‘^Gentleman’s Magasine,” in 1742, as “ the poOTeH 
and meanest; ” but at that tkho Dundee was loore oeiebiated !f (h 
its “ plaiding,” a coarse woollen cloth, th^ for Hnen. This 
was one of ^e tradee that flouririied for ;a. seam in the town. 
It wae about the year 1747 tlmi ^ mShufacture, of the linen 
cloth known as Osnaburg beoSime the stal^ tradto of Forfh^ 
ehire, and especially of Dundee. In the year 1789 no less than 
3,181,990 yards of coarse linen obih, vidued at were 

manufactured and stamped for sale in the pariah of 3>imdee ; and 
700,000 yards of sail-oloth, considered superior to that ptoduoed 
at Belfast, and estimated at a value of j 682,000, weremade within 
the precincts of the town. The spinning of coloured sewing 
thread was also at this time, and h^ for several years prerious 
been an important branch of industry in the place, it having at 
one period been proeecuted by seven different companies or firms, 
maintaining an aggregate of 66 twisting-mills, employing some 
1,340 spinners, and taming out annually about 270,000 pounds 
of riire^, valued at upwards of JB38,500. lu 1790 a spirited 
attempt was made to add the spinning of cotton to the manu- 
factures of Dundee. Seven ootton-spinning companies were 
started within a short time, and oontinued in operation for 
some years, but never suoceeded in making the trade remunera- 
tive. Till the year 1790 all the yam used in Dundee was 
spun by hand, and chiefly by people in the surrounding 
country distriote, and the larger portion of it continued to 
be supplied in this way till aimt 1830, when sptnning- 
maohineiy came into genc^ nse. A mill for spinning yam by 
maebinery driven by water power, .erected in 1790, by Messrs. 
Ivory and Co., at Kinnettles, Forfhrshire, was an important im- 
provement, and three years aftmreards a still more important, 
though not immediately suocessfol, experiment was made, when 
Messrs. Fairweather and Msrr built a small spinning-mill at 
Chapelside, the machinery of which was propelled by a ten- 
horse-power steam-engine. This latter mUl, and another steam- 
power mill started shortly after it, were kept working for some 
time, and then stopped, but only to resume again after an in- 
terval. There were 5 steam spinning-mills, with an !Vggregate 
of 60 horse-power, and 2,000 spindles, in operation in the town 
of Dundee in 1798, the largest of which was the Bell Mill, 
erected at a cost of j 617,000. The wars of Napoleon, in the 
early years of the present century, paralysed the linen trade of 
Scotland, and in 1611 there were only two spinning-mills at 
work in Dundee ; but after the battle of Waterloo the trade 
revived, and by the year 1822 there were no fewer than 17 
steam spinning-miUs, containing 7,944 spindles, driven by 
engines with an aggregate of 178 horse-power, and employing 
about 2,000 persons, in operation in the town, while in its 
immediate neighbourhood there were 32 spinning-miUs, con- 
taining 6,978 spindles, at work. Ten years later the steam 
spinning-mills in Dundee and the surrounding district were 
driven by engines representing a total of 800 horse-power, and 


employed about 3,000 persons, while the yearly consumption of 
flax was 15,600 tons, and the capital investBd in mao^eiy 
amounted to ^240,000. By 1846 the nionber of steam spinning- 
miUs had increased to 36, confining 71,670 q^indles, and 
driven by engines with an aggregate motive power equal to 
1,242 horses. From “ Dawson’s Abridged BtatZstical Hh^ry of 
Scotland,” published in 1853, we learn that there were in 1850 
in the town and the immediate vidnity of Dundee “ 47 spin- 
ning-mills, with steam-engines of an aggregate of 2,075 horse- 
power, and 8 jmwer-loom factories, possessing 235 horse-power,” 
and that these establishments employed in &e various oooupa- 
tions 3,240 males and 8,142 females. “ It has been asoertaiued,” 
this account oontinnes, “that the money wages distribute 
among this large body of individuals amount to about J83,900 
pet week ; the payhim to the male operatives being on the 
average 9s. 6d«, and to fsmalet 6s. weekly. Besides the power- 
loom fisotories, the town possesses 62 establishments of one kind 
or other using hahd labour; and in these there are 4,200 looms. 
Add to these, 10 eStabliahinsnis for finishing, oalendering, and 
packing the cloth which is produced, and vre have on idea of the 
vigour with which the linen trade of Dundee is oondnoted.” Since 
that peribd from 600 to 700 additional power-looms have been 
started. A ftw statistiqB relating to the linen and jute trade 
in 1867 will Olnstrate the 'astonishing progress made by the 
Dundee manufaotnrers between 1850 and that date ; and since 
1 1867 the trade has been still farther developed. It was esti- 
I maM that in 1867 the oapital invested in factories for the 
iipmning and manufacture of flax and jnte in the town of 
I Dundee asmunted to j 62, 500,000, in the district to iB2, 200,000, 

I and in other pfuts of Scotland to ^1,000,000 ; giving a to^ of 
^,700,000. The yam spun in the town during the same year 
was osToulated to amount to 31,000,000 spindles, representing 
I a value of iB8,487,500 ; and in the surrounding district 29,000,000 
I spindles were pranced, valued at J28, 262,500, giving a total 
I for Dundee apd its dependenoies of 60,000,000 spindles, repre- 
I senting ^6,750,000. The doth manufactured by the 8,000 
I power-looms in the same year, oalonlated at an average of 200 
yards per week for each loom, would amount to about 83,200,000 
yards, or 47,272 miles. Mr. Warden, the author of “The Linen 
Trade,” states that about 50,000 persons aro employed in the 
linen and jute ti^e of Dundee. It was in 1821 that the first 
attempt was made to introduce power-looms in Dundee, but the 
experiment was not suooessful rill fifteen years later. Messrs. 
William Baxter and Son built a mill at Lower Dens, intended 
for 90 power-looms, but they did not at that time carry out 
their design. In an account of Dundee written in 1833, it is 
stated that “ power-looms have not been employed here, or, at 
least, not to any advantage, and they ore understood to be en- 
tirely laid aside.” The first power-loom factory erected in 
Dundee was built in 1836, at Upper Dens, by Messrs. William 
Baxter and Son, and soon after ih^ others were erected, but a 
considerable time elapsed befort any increase took place. It 
was only gradually ibat the power-loom came to supersede 
! the hand-loom, and the latter has not even now been entirely 
iliKcontinued. 


PRINCIPLES OF DESIGN.— XV- 

BY CHRISTOPHER DRESSER, PH.D., F.L.8., ETO. 

WALL DECORATION 

In this chapter we must devote ourselves to the consideration 
of wall decoration, or to the manner in which ornament should 
be applied to walls with the view of rendering them decorative. 

It will appear absurd to say that all ornament that is applied 
to a wall should be such as will render the wall more beautiful 
than it would be without it ; but this statement is needed, for I 
have seen many walls ornamented in such a manner, that they 
would have looked much better if they had been perfectly plain, 
and simply washed over with a tint of colour. 

To ornament is to beautify. To decorate is to ornament. 
But a surface cannot bo beautified unless the forms which aro 
drawn upon it are graceful, or bold, or vigorous, or true, and 
unless the colours applied to it are harmonious. Tet how many 
walls do wo meet with even in good houses — waUs of corridors, 
walls of staircases, walls of dining-rooms, walls of libraries, and. 
Indeed, waUs of every kind of room — which are rendered offensive, 
rather than pleasing, by the decorations which they bear. 
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A wall xnay look well without decoratioii itriotly bo called, 
and this statemexit leads me to notice the various ways in whiob 
walla may be treated with the view of rendering them beautiful. 

A wall may be simply tinted either with distemper colour, 
or oil colour ** flatted.** Distemper colour gives the best 
effect, and is much the cheapest, but it is not at all durable. 
Every mark will show upon it ; if rubbed, it is marked ; and 
it cannot be washed. Oil colour when flatted makes a nice 
wall, whether ** stippled ** or plain, and is both durable and 
washable. An entire wall should never be varnished. 

I say that a wall con look well even if not decorated. Let 
me give one or two instanoeB ; but, perhaps, I had better give 
treatments for the entire room, including the ceiling, and not 
for the wall simply. 

A good effect of a very 
plain and inexpensive cha- 
racter would be produced 
by having a black skirting, 
a cream-colour wall (this 
colour to be made of middle 
chrome yellow and white, 
and to resemble in depth 
the best pure cream), a 
oomioe coloured with pale 
blue of greyish tint, with 
deep blue, white, and a 
slight lino of red, and a 
ceiling of blue of almost 
any depth. The ceiling 
colour to be pure French 
ultramarine, or this ultra- 
marine mixed with white 
and a touch of raw umber, 
and the oomioe blues to 
bo made in the same way. 

The red in the oomioe to 
be deep vermilion if very 
narrow (ono-sixtoonth of 
an inch), or carmine if 
broad.* 

A room of a slightly more 
decorative character would 
bo produced by making the 
lower three feet of the wall 
of a different colour (by 
farming a dodo) from the 
upper part of the wall: 
thus, if the other parts of 
the room were coloured as 
in the example just given, 
the lower throe feet might 
bo red (vermilion toned to 
a rich Indian red with 
ultramarine blue) or choco- 
late (purple brown and 
white, with a little orange 
chrome) ; this lower por- 
tion of the wall being sepa- 
rated from the upper oream- 
('oloured portion by a line of black an inch broad, or better by 
a double line, the upper line being an inch broad, and the lower 
line three-eighths of an inch, the lines being separated from 
each other by five-eighths of the red or chocolate. 

1 like the formation of a dado, for it affords an opportunity 
of giving apparent stability to the wall by making its lower por- 
tion dark ; and fumiture is invariably much improved by being 
seen against a dark background. The occupants of a room 
always look better when viewed in conjunction with a dork back- 
ground, and ladies* dresses certainly do. 

The dark dado gives the desired background without render- 
ing it necessary that the entire wall be dark. If the fumiture 
be mahogany, it will be wonderfully improved by being placed 
against a chocolate wall. 

The dado of a room need not be plain ; indeed, it may be 

* la some parts of the country it is oustomary to wash the comice 

over with qniok-lime. If thla has been done, the lime must be oare- 
fitlly romovod, for lime will turn carmine black. 


enriched to any extent. It may be plain with a bordering sepa- 
rating it from the wall, such as Fig«. 48, 44, or 45 ; or it may 
have a simple flower regularly dispersed over it ; or it may be 
covered wiiii a geometrical repeatiug pattern, in either of whidh 
case it would bsve a border; or it may be enriohed with a 
special designed piece of ornament, as IHg. 46. This partioular 
pattern should not, however, be enlarged to a height of more 
than twenty to twenty-four inches ; but if of this width, and 
above a skirting of twelve or fifteen inches, it would look well. 

I have designed several narrow dado papers for Messrs. 
Wylie and Lochhead of Glasgow, which are about eighteen 
inches broad, and are printed in the direction of the length 
of the paper, so as to save nnneoessary joins. 

If the dado is enriched 
with ornament, and the 
oomioe is coloured, and a 
pattern goes all over the 
coiling, the walls can well 
be pl^, but they may 
be covert with a simple 
“powdering** as the pat- 
terns in Fig. 47, if these 
arc in soft colours. 

A good room would be 
produced by pattern Fig. 
48 being on the oeiHng in 
dark blue and oream odour, 
by the oomioe being co- 
loured with a prevalenoe of 
dark blue, the walls being 
cream-colour down to the 
dado; the border separat- 
ing the dado from the wall 
being black ornament on 
a dull orange odour, and 
by the dado being oboco- 
late with; a black rosette 
upon it ; the skirting 
boards b^g bright black. 
The dado may or may not 
bo varnished; the upper 
part of the v^ can only 
be “ dead *’ (not varnished, 
dull). If the room is high 
a bordering may run round 
the upper portion of the 
wall, about three to four 
inohes below the oomioe; 
suoh a border as Fig. 49, 
may be employed in dull 
orange and obooolate. 

A citrine wall comes well 
with a deep blue, or blue 
and white oeiling, if blue 
prevails in the oomioe, and 
this wall may have a dark 
blue(ultramarine andblack) 
dado, or a rich maroon 
dado (brown lake). If the 
blue dado is employed the skirting should be indigo, which 
when varnished and seen in ooxgunotion with the blue, will 
appear as black as jet. 

Walls are usually papered in middle-olass houses. I must 
not object to this universal custom ; but 1 do say, try to avoid 
showing the joinings. In all oases where possible, out the paper 
to the pattern, and not in straight lines, for straight joinings are 
very objectionable. If you use paper for walls, use it artistically, 
and not as so much paper. Let a dado be formed of one paper, the 
dado bordering (dado rail) of a suitable paper bordering; the 
upper part of the wall being covered by another paper of simple 
and just design, and of suoh colour as shall harmonise with the 
dado. Proceed as an artist, and not as a mere workman. Think 
out an ornamental scheme, and then try to realise the desired 
effect. Avoid all papers in which hug^e bunches of flowers and 
animals or the human figure ore depicted. The best for all 
purposes are those of a simple geometrical pattern, or in which 
designs similar to those in Fig. 47 are powdered’* or planed 
at regular intervals over a plain ground. 
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OOLOUB.— XL 

Bf A. H. Ckvacr, K.A., ProleMor o< OhemiiUy, Bo^al Academy. 
0UBPAQB AND 8TDUCTUIUB XODIVT COXiODB — COLOU|l8 07 
^ HBTAXi»---D4XA80NNINa AND FLATXNO — ^BNAHBLLING ON 
GOLD AND SILTBD—LACQUIKINO— COLOURS OF OWM— 
OOLOUBBD NABBLleS. 

Thb oolomr of objeots is fnAmmoed xiot onlj by the nature of 
the light by whi(^ they are fUtuninated, but also by their own 
peculiarities texture, stmetare, and surface. Tb» coloured 
light reflected from satan is different from that of TelTet, though 
the silk used in the xnanufacture of these fabrics may haye 
been dyed in the same bath. In explaiiung modiflcai^s of 
oolour produced by textuw, etc., we shall select a series of 
illustratiTe examples from the mineral, yegetable, and animal 
kingdoms. We shall then proceed to explain their oolour- 
peoulisrities, and the manner in which thM n»y be utilised, 
in decoratire art more particularly. 

colours flrst claim our attention* Polished metals 
are distinguished for their intense power of reflecting light, and 
for an almost complete opaoityy. An intense reflection of light 
is also observed with other than metallic surfaces, such, for 
instance, as the neck of the peacock, and that beautiful ohemi- 
osl salt, the magnesium pla^ocyanide. But there are some 
pointo in which these lustrous colours differ from those of the 
true metals. We have alluded to this subject in Lesson I., 
and may here proceed to apply the principles of absorption and 
reflection of oolour there laid down to the special case of metallic 
oolours. Now it will be allowed that, under ordinary oiroum- 
stances, metids do not appear highly ooloured, though their 
brilliancy is often intense. The angle of inoidenoe of the light 
has mu<^ to do with this. When we take a polished and level 
plate of gold or copper, and look along its surface, we shall see 
it appear very brilliant, but nearly white. In such a case, the 
rays of light which illuminate it almost graze the surface, 
making an angle of nearly 180^ with the reflected rays that 
reach the eye. But let this angle be reduced to one of a few 
degrees only, then the proper oolour of the metal will be oou< 
apiouous. It may be still farther developed and enriched by 
Topeated reflections at a small angle of inoidence. Fig. 19 



iffasttates the mode in which a beam of Ught may become in 
this way more higb^ saturated with colour by numerous reflec- 
tions from two polished surfaces of metal. From this oaose chased 
gold and ** granulated gold appear of a far richer oolour than 
burnished gold. And by so imping the grooves or lines of 
chasing upon any pieoe of ooloured metal, that repeated re- 
flections at small angles of inoidenoe occur in them, very rich 
oolour-offeots may be produced. The splendid colours inside 
gold or gilt goblets arise from this cause. Many metals which 
look distinctive colour under common conditions may thus be 
made to develop it. Yet the oolour thus produced not only 
changes in tone or saturation as it becomes enriched, but its 
xinality is also modified. Thos copper may be made to yield 
ultimately a nearly pure or monodiromatio red light by repeated 
reflections. The oolour is more distinct, it is purer ; but there 
is less light. 

The oolour of a pure metal may be greatly altered by alloy- 
ing it, even slightly, with another. Thus, gold 22 parts, with 
2 parts of silver, produces a metal of a greenish oolour, which 
may be rendered still more decided by a small further addition 
of silver. Copper, on the other hand, to the extent of 10 or 12 
per cent., reddens gold; while a small admixture of both copper 
and silver does not materially affect its colour, thougb it makes 
it rather paler. A large proportion of silver, varying from 20 
to 50 per cent., produces electrum, some specimens of which, 
where the silver exists in nearly equal proportion with the gold. 


ace abnoet while. AndeniaiidtRoteh wall m jewel- 
lery, flniiJlh of the variations in the 

oolour of gold produced by alloy; The old Bqmaa gold coins, 
with less than 1 per eent. of a^y, show the rich oharaotenstio 
orange tint of the pure metal ; while in a handfol of modem 
sovereigns the yellowish-orange ones indioote the presence in 
the alloy of copper and sUver ; the greenish oneaindicate silver 
alone, and the i^ddsh ones copper alone. 8Qight as these dif- 
ferenoes of oolonr would app^ did they belong to ordinary 
pigmasets, yet, in the ease of the metals, the intensity of thek 
reflection enables ns to use with effect coloured varieties of gold 
in ornamental jewellery. Gold, if not alloyed very nmoh (not 
more than 9 pi^ in 24), may be made to assume its proper 
colour by a process of ** pickling or ** ookmring.’* Gold 
articles plung^ when warm into nitrio aeid lose a portion of 
their superficial alk^, be it copper or silver, the pure metal 
being left with a somewhat mutt, or dead surface, and a rich 
orange colour. Or a mixture of equal parts of borax, nitre, and 
sal-ammoniac may be made, ground into fine powder, mixed 
with a little water, and applied as a thin coating to the metal. 
The metallic object is then heated till a faint discolouration 
appears on Ihe coating ; afterwards, the paste being washed off, 
the pure gold film will appear beneath. With a film thus pre- 
pared, and with some of those flhns which are obtained by 
eleotro-metallnrgioal prooeasea, the briUianoy of the metallio 
reflection is much impaired, though its ohazaoteristic odour may 
remain. This alteration arises from the loss of oontinnity of 
the metallio surface* Silver, in fact, may be so precipitated 
from a solution as to present a surface almost indistinguishable 
from a sheet of cream-wove white paper; and gold may be 
obtained by similar processes in a state which presents a close 
resemblance to yellow ochre. Some of the most beautiful effects 
in the decorative employment of metals may be obtained by the 
partial polishing or burnishing with an agate or Steel tool, of 
such matt or dMd surfaces as these. When silver is deposited 
by Liebig’s silvering liquid on glass, it may be made to assume 
a most perfect, or ** blaok,” lustre, and iS them applicable for 
use in mirrors or in the reflectors of teleseopes. Here the con- 
tinuity of surface is practically perfect. 

The delicate and subtle contrasts between metallio oolours 
has led to the assooiation of two or more metals in several 
kinds of decorative work. We have already referred to the 
varieties of coloured gold. In jewellery red gold may be need 
for flowers, with white gold or eleotmm ; green gold may bo 
employed for leaves ; w^e the ornamental spray itself may be 
laid upon a chased or granulated surface of pure orango- 
oolour^ gold. By the process of paroel-gilding on silver, a 
more decided difference of oolour may be aeoui^ ; while the 
methods of metallio inlaying and damasoening enable us to 
obtain the more marked oontrasts between iron and gold and 
iron and silver. In these latter oases we have not only a con- 
siderable difference of oolour between the two metals, but a very 
distinct difference in refleoting power. Iron or steel covered, 
by an easy ohemioal method, vrith a film of platinum, is preserved 
from corrosion, and still furnishes an excellent oombination with 
silver or gold, or with both of these metals, as inlays. 

Before giving a list of the oolours of a few metals in their 
pure and unalloyed state, we may remark that other metals 
besides gold are remarkably modified in hue . by the presenoe of 
alloy. Perhaps copper shows this effect more commonly and 
more distinct]^ than any other. An alloy of 85 parts of copper 
with 15 parts of tin, or with 15 parts of a mixture of tin and 
zinc, oonstitutes a mixed metal of a rioh yellow oolour, the 
pink oolour of the copper being then much altered. So 5 parts 
of the bluish- white metal aluminium will similarly modify the 
oolour of 95 parts of copper, on effect seen in tee so-called 
aluminium gold, or aluminium bronze, which is thus constituted. 
If the copper be mixed with tin in the proportion of 70 of the 
former metal to 30 of the latter, then the alloy is no longer 
yellow, but greyish-white,^ firming what is known as speculum 
metal. 

The oolours of some of the metals, in a few oases ascertained 
and determined by two or more refleotiona, are here given t — 


Copper .... rtd* .... orangt-yeliov). 

Gold orange. Sodium .... rooypinl. 

, Lead -r - -- ®teol ..... neutral grey. 

I Moroury .... ilaty-griy. Tin ..... greyieh-yillofo. 

I Potaialmii . . . lavender-grey. Zinc ..... Mutah-while. 
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There is one xemtekal^tf and important propa*ty ehjojed hy 
metels, and partionhtfly bj gold, of at ones hamonising with 
and setting off ordinary ocdoured materiali. Two ihstanoes of 
snoh a use ol gold will ooonr to every one — the gilt frame of a 
picture, and the gold threads in embroidery* <£>ld, in fact, is 
remov^ from the series of ordinary paints and dyes by the 
intensity of its metallic lustre, and so combines into agreeable 
assortments with all colours, even with riiose with which yellow 
and orange pigments do not associate well. In a picture-frame 
this peculiarity of its metallio lustre prevents its yellow colour 
from interfering with the similar hues of the piot^, while its 
colour being Intninous and **near,*’ gives t^ idea of some 
degree of distance to the picture itself. We seem to look 
through an opening into the scene represented. 

and other metals as well, may have their lustre made 
use of as a brilliant background for the development of colour. 
A trim^parent film of some sort is often plao^ upon metals, 
and when this film is coloured, such part of the light as escapes 
reflection at its anrfaoe passes through it, is reflated from the 
metal behind, and again passes outwards, leaving the film 
strongly tmotnred wiih its colour. Films of this kind are of 
two sorts, one kind belonging to the vitreous or glassy series of 
materials, and the other being resinous, that is, essentially 
similar to a varnish. These transparent films are applied to 
motidB for three purposes — to protect the surface, to cause an 
inferior metal to assume the aspect of a more precious one, 
and to produce certain colour-effects not otherwise attainable. 
Silver, when varnished with white lao, loses some of its 
brilliancy, but is no longer liable to tarnish. Iron and brass 
may be protected from corrosion, and improved in appearance, 
by a la^uer in which the red resin known as dragons' blood 
is an ingredient. With this preparation, silver assumes some- 
thing of the rich aspect of gold, and iron resembles bronze. 
Besinous substances may be applied to metals either in the 
form of varnishes — that is, of solutions which dry and leave 
a oontinuouB film or coating of the resins they contain — or 
by means of fusion. In the latter case the finely-powdered 
resin may be introduced in a pasty form mixed with a little 
water into the grooves, etc., prepared to receive it, and then 
heated to the temperature necessary to produce fusion. True 
translubid enamels of. the vitreous class, on the other hand, re- 
quire a much higher temperature than the resin, and yield far 
superior and more varied results. They oonsist essentially of 
different kinds of glass, coloured suitably with metallio oxides. 
Blue enamels thus contain cobalt; puce and violet enamels 
are furnished by manganese ; grass green by chromium eesqui- 
oxide, and so forth. Snoh enamels appear on silver of their 
proper colour, but on gold the hue of the metallio background 
produces a change of colour, sometimes advantageous, some- 
times the contrary. But as the colour of gold may be greatly 
modified by a little, it is easy to select or prepare a quality 
of gold suitable for the several coloured enamels in use. The 
following list gives the most appropriate metals for a few 
odours : — 

Qtem. — Gold of 20 oarats with 4 carats silver alloy. 

Bfd.— Gold of 22 with 2 carats copper, or a mixed alloy. 

Fiolst, ro8«, white, ~ Silver, or, less suitably, white eleotmxn. 

Eleotrum of 16 carats gold, 6 carats silver, or gold 20 carats 

fine. 

Brovm.— Gold of 20 to 22 carats. 

The subject of transluoid enamels naturally leads us to the 
consideration of gems and glass. It ought scarcely to be 
necessary to vindicate for the natural precious stones a very 
high position amongst decorative coloured materials. Besides 
the hardness of the more esteemed sorts of jewels, they present 
beauties and singularities of colour and optical effect which are, 
to a great extent, quite inimitable by artificial methods. Yot 
amongst a certain clique of artists and amateurs it has become 
the fashion to depreciate their excellence, and, further, to insist 
upon their being out, if used at all, in a way which is ustually 
fatal to the development of those qualities upon which the 
beauty of predous stones depends. This methc^ is known as 
the cutting en cabochon or tallow-topped,’’ and is applicable or 
appropriate, as a rule, only to those a^nes which are not per- 
fectly transparent — opals, cats’-eyes, chrysoprases, etc. When 
applied to transparent gems, it prevents the full play of light 
and colour proper to them, intend reflection is imperfect, and 
the marvellous dispersive power often present does not show its 


effect in producing the so^Naied ^ of the stone. Analysed 
with a piism, the ooloiir of gems is often found to differ from 
that of the nearest appzoa^ in artificial ** paste” — ^that is, 
glasB — ^that can be maaufaotazed to represent ^m. Then, too^ 
gems often exhibit peculiar optical properties which no fused 
artificial substanoee con possess. The minute internal fissures, 
to which the splendid play of oolours in the precious opal of 
Hungary and Mexico is due, cannot be imitated, though there is 
another mineral, sphene, which possesses remarkable quality 
in a high degree. The opal is seen best upon a black or dark- 
blue background of enamel, and is still further enhanced in 
beauty by a border of small diamonds, which form a delicate 
yet effective contrast, through their perfect transparency and 
purity, and their almost metallio lustre, with the x^kiness and 
variegation of the opaL The stones known as star-stones have 
also optical peculiarities which are quite inimitable. These gems 
are essentially orystallised alumina, and are known as star or 
asterias rubies or sapphires, aooording to their oolour ; they are 
translucent only, and owe their beauty to a peouliariiy of their 
minute crystalline stmotnre. This is revealed when one of these 
crystals is out across its principal axis, and left with its top en 
cabochon. Then a six-rayed star makes its appearonoe, best seen 
in sunlight, or by the light of a small brilliant flame, or in the 
focus of a condensing lens. It is due to the symmetrically dis- 
posed layers of which the crystal is built up. The less tnmsparent 
varieties of red garnet, when out as oarbnnoles, occasionally nhow 
a star, bnt it has only four rays, owing to the simpler crystalline 
stmoture of the stone in tll^ oaae. Among other c^ioyant 
stones with a play of light upon or in them, the moonstone, a 
species of nearly oolonrless and transparent felspar, is one of 
the most familiar. Its light is more diffused than tlmt of the 
star-stones, and has a pearly whiteness. Moonstones may be 
very effectively combined with dark-coloured blear amethysts, 
the contrast being not only of colour but of lustre. The sbenes 
called cats’-eyes are of two species : one of them, the more 
precious, is yellow or yellowish-green, hard, and shows a pale 
bluish line of light when properly out ; this is due wholly to the 
optical structure of the crystal itself. But in the commoner 
variety we merely have quarts penetrated with fine fibres of 
asbestos, which catch and reflect the light. There is one 
peculiarity of precious stones which we cannot pass over, a 
property known as diehroiem, A crystal which is greenish in 
one direction may appear rose-pink when seen in another. A 
ray of light is affected differently aooording to the direction in 
which it passes through the crystal. The tourmaline is an 
excellent example of this, a grass-green speoimen of this stone 
appearing dark brown or oven black when viewed along the 
principal axis of the crystal instead of aoross H. This, again, is 
a quality of some natural gems which cannot be imitated exactly 
in artificial mixtures. 

We may here find occasion to introduce a word or two 
oonoeming the commoner sorts of ornamental and coloured 
minerals, ranging from agates down to tinted building stones. 
There are two points of special importanoe connected with such 
materials. One of these points is the undesirability of mixing 
natural with artificial materials in walls and pavements. It is 
very difficult to combine satisfactorily tiles and marbles. There 
is a faint approach to transluoenoy in many marbles, which the 
dull, dry, opaque surface of nnglaz^ tiles oontrasts unpleasantly 
with, and glazed tiles are coarsely artificial in their gloss. Then, 
again, we have, in the second place, to remind our readers that 
marbles with natural veinings and mottlings of colour do not allow 
of soulptured ornament. Tour surface decoration in relief will 
interfere with Nature’s prior decoration in oolour. The wildness 
and almost infinite variations of the natural tones of brown in a 
piece of Derbyshire alabaster ore broken up when its surface is 
diapered with a conventional oarred ornament — the natux^ 
pioturesqueness and the artificial are incongruous. A surface in 
a tesso! a of mottled or veined marble, or a pillar, disp^ys its 
beautiOH, but in a sculptured capital of the same material they 
are disfigured, while the light and shade of the ornamental 
design do not come out properly in the variegated material. 

There still remain for study among mineral products glass, 
porcelain, and pottery. Opalesoenoe and irideacsence, as well as 
several other peouU^ties mfluenoing their oolour-effeot, are 
common in a measure to some kinds of all these artificial pio- 
dnots, and we may, therefore, group them together for considera- 
tion in the next lesson. 
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TECHNICAL DRAWING. — XXXIV. 1 On the ocMtenhaft (Fig. 346) thew ave two sets of pnlleye, 
DRAWING FOR MACHINISTS. A, B, B and a', b', b', each driyen by separate straps from the 

whitwobth's 16»incb blxdb-lathb. main shaft. The sets a and A^ run in opposito directions, the 

Fig. 844 (a, b) represents the headstook, slide-rest, and part of former for driying the lathe, and the latter for reversing it ; 
lathe-bed in elevation. I and for this pnrpose it is driven by a orossed strap. The 



The nse of a lathe is to tom iron or other materiale into a pulleys B, B, B', b' are all loose upon the shaft, and the strap- 
oironlar shape, and it does this by causing the object held forks, B and x>\ can be moved by a vertioal rod (not shown), or 
between its centres L (Fig. 344 [o]) and L 847), to rotate by the horisontal bar in front of lathe-bed, as shown by Figs. 
Kgainst a cutter, r, held in the rest, G (Fig. 844 [6]). While the 844 and 847, which will be given in the neit lesson, 
object is in motion the cutter is made to slide along the lathe- Both straps are on loose pulleys, as the forks are arranged in 
bed, and so come against new uncut portions of the object at the drawing. But if they moved to the right, then one will 
every revolution, and thus, by continually removing the outer be on the fast pnlley, A, and the other on a loose pulley, W ; 
irregular surface, a cylindrical form is given to it. oonsaquenily, the lathe will run in its proper forward direction. 
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Byi moYing ^ ^ hanA the oroised strep driYes mores the strep-forks, so thet e stud upon the slide*rest 

the pulley A , end thns rererses the lethe. This errengement moYe the strep upon e loose pulley, end stop the lathe before 
of pulleys is neeessery for ontting screws, so es to ran the tool any damage oen take place from oonteot between the sUde-rest 
beck withont changing the xKMition of the threads of the guide* and fixed heedstook by the gnideHMrew oYerwinding. 



screw relatively to those of the screw which is being cut by Figs. 345 and 346.— The countershaft which drives the lathe 
the lathe; siid receives motion from the main shafting. 

By putting the strap on any cone of the pnlley o leading to Motion having been given to the cone*palley A (Fig. 844 [a]), 
the lathe, variations in speed may be readily obtained. which runs loose on its shaft, is, co mmuni cated to the large 

In order to make the machinery self-preserving from aoci* spur-wheel,. B, by a key placed between them, and so the lathe- 
dent, a stop is fixed on the bar in front of the lathe which shaft is didven ; or to produce a slower rate the key is re- 
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MTod, and mmd moilion, or baok-geatUBg, brought into 
use, and driTMk by a pinion, o, attaohad to the hinder end of 
the oonffpuUej* Ano^er pinion on the eeoond* ihaft, d (Fig. 
848, which will aieo be giren in the next leeaoxi), driyee the large 
wh^ B, ao a double i^notion of speed takes place. By the 
▼ariaiion of epeed doe to the cones and back-gearing, eight 
different rates may be given to the lathe, and a snitable velooity 
imparted to any ^ject held between its centres. 

At the back end of the lathe are a set of ohange-whools that 
giye motion to the screw b, which mns along its whole length 
inside, and is protected by the bed. As their name implies, 
t lese wheels can be altered so as to give any desired speed to 
the travel of the tool F (Fig. 844 [6]), held in a slide-rest, G, 
and moved by the screw. By snitable proportions, threads of 
any pitch can be out by the tool ; and each lathe of the kind 
illustrated is provided with a complete sot of toothed wheels, 
nsed either for sliding the rest slowly along, for taming shaft- 
ing, etc., or cutting screws of any usual pitch. 

The compound slide-rest, o, affords a means of placing the 
tool in any relative position to the work in hand : it consists of 
two V-slides at right angles to each other, which may be worked 
either by hand or self-acting arrangements, and a holder to 
carry the cutting tool. It is shown in front elevation at a 
(Fig. 844 [6]), and in side elevation at H (Fig. 848). The handle, 
I (Fig. 344 [6]), at the left-hand side, is for lowering or closing 
a nut upon the guide-screw, k (Fig. 844 [a] ), so as to put it in 
or out of action, without reference to the change-wheels being 
in gear or not, and so give motion to the sUde-rest. 

A portion only of the bed is shown — ^its total length would be 
fifteen feet. The opposite end will be given in Fig. 347, w4iioh 
also illustrates the movable headstook. This contrivance is 
nothing more than a centre to carry one end of an object in a 
lathe, and capable of being fixed in any part of the bed by 
moans of the two nuts shown. The wheel K (Fig. 347) works 
an internal screw that advances or draws back the centre point, 
L. A locking-bolt, x, of which the end only is soon, holds the 
centre whenever required. 

The illuBtrations show a good example of a powerful slide 
and screw-cutting lathe ; it is strong and well-proportioned in 
nil its parts, yet not heavier than is required to resist the 
strain of working and the vibration to which it is subjected. 


SANITARY ENGINEERING.— II. 

aAS-BURNERS, AND ECONOMY IN GAS CONSUMPTION. 

In our first paper we gave a general account of the manufacture 
of gas by public companies, the material employed, the prooesseB 
to which it was subjected, and the method of its distribution. 
The gas being thus as it were brought to our door, or, to use 
the strictly technical phrase, 'Maid on,” we now proceed to 
consider the various mechanical appliances used in its consump- 
tion : of these the simplest is the jet. A nipple of cast-iron or 
some incombustible material — porcelain has been used with 
advantage — ^is screwed on to the end of the pipe, the aperture 
through which the gas issues and is consumed being a small 
single i)erforation, which we may call a pinhole. 

We next have what is in technical phrase called the bats- 
wing" burner. In this, instead of the pinhole, the end of the 
nipple is first cast solid, and then split, os we may say, by a fine 
saw, the broad spread flame that issues from the opening thus 
made giving its name to the burner from its fanmed resem- 
blance to a bat’s wmg; those are, each of them, though the 
simplest forms in use, extravagant in their consumption, as the 
direct escape given to the gas aUows a certain portion to pass 
through impe^eotly consumed. They are still used extensively 
in passages, workshops, and other inferior positionB ; the idea in 
the mind of the pubHo apparently being, that any cheap burner 
will do for these situations, while the actual fact is that the 
extra quantity of gas burnt in proportion to the price given 
for the burner, entails a current expense which would repay 
the cost of a better burner many times over in the course of a 
week. These burners also rapidly corrode the passage for the 
gas, which becomes graduiily widened, and a stiU greater waste 
is the result 

The burner in most general use for ordinary purposes is the 
''fish-tail,*’ as it is called, which may be te^en as the best 
" burner ” pure and siiaple, when no adventitious aid of chimneys 


or a^rtifioial dxa^ht is avsilablq. In this bumoF the gas comes up 
thr^b two pii^es, inolihed itowards eaoh other at an angle 
of ab^t 60 d^rreee ; the effect of the preesuve being that the 
flame assumee a fish-tail, or, as it is called in some provincial 
districts, a tulip form, and is thrown out on either side at right 
angles to the converging delivery of the jets. 

These are the leadmg forms id shnpie burners. With their 
combination in groups as cookspur, flower, and other Ughts, and 
more especially as to the employment of a group of flsh-tailB in 
the form of the sun-burner, we shall deal at length in a subse- 
quent paper, and now proceed to take up the more complicated 
forms known generally under the name cd " argand.” 

The term " Argand ” is the name of the inventor, who in the 
year 1780 discovered in the use of an oil lamp that a dronlar 
wick open in the centre from below, and surrounded by a glass 
chimney, gave an immense additional per-oentage of light over 
the ordim^ methods then in use; and this principle is applied 
to the oonsomption of gas by the adoption of a hollow metal ring 
perforated on its upper surface with a number of minute holes 
through which the gas passes, the flames uniting into one annular 
light. The “ bude light” is a oonoenirio aeries of similar rings ; 
and there is an immense variety of different descriptions of this 
kind of burner, many of them the subject of patents for various 
improvements of detail : e.g.t in some instances the burner is 
formed of a number of small tobes forming a ring, and with their 
points of issue slightly converging, while a bend in the glass 
chimney occurs immediately above, so as to direct the draught 
of air more immediately upon the flame ; but the principle is 
always the same, the two important points which control the 
supply being the size of the openings in the burner, and the 
len^b of tbo chimney : this last is a point which requires much 
attention, as if the chimney be too low the draught is insufficient 
and the consumption slow ; while if it be too high the con- 
trary effect takes place, and in either case loss of light is the 
result. 

These are the ordinary descriptions of humor in general 
use j and wo now proceed to consider the principles involved in 
the economical consumption of gas. It is well understood that 
the larger in bulk the amount of any substance in combustion 
the greater the amount of heat and light obtained, and this pro- 
portion may be termed geometrical and not arithmetiool : for 
instanoe, a ton of coals burning in one body in a grate or furnace 
will generate a far greater b^y of heat (and Ught is regulated 
I by the same law) than the some quantity divided, say, into por- 
I tions of one owt. each, and burned in twenty separate stoves. 

I We may give as a practical instance of this, as applied to the 
generation of light, our ordinary lighthouses. The old-fashioned 
catoptric light, as it was called, consisted of a group of argaud 
I burners, each with its separate reflector ; when the dioptric 
system was introduced — where one largo central burner only is 
employed — it was found that a large annual saving in oil was 
effect^, the light given being equal in amount. The same prin- 
ciple applies to all gas-burners, with the addition of another 
element, and that is the variation of the pressure of gas, which 
exeroisos a most important influence, both on the light and the 
consumption of the gas. We state this as the result of actual 
experiment often repeated. Two fish-tail burners may be selected, 
one technically called a Number 3, a small size, and another a 
Number 6, a larg^ size, the smaller size being supplied with gas 
at a high pressure, and the larger one with gas at a low pressure, 
the matter being so regulated, that in a given time, say an hour, 
each burner shall consume the same quantiiy of gas. The result 
has often been shown to be that the Number 6, the larger 
burner, at the lower pressure, gives double the light of the other, 
each burning the same quanti^ of gas ; and the rule, therefore, 
is that the lower the pressure at which the gas can be burned the 
more light wiU be obtained in return for the quantity consumed. 
The most profitable point of a burner’s oon8umption-“profitable 
in the sense of economy — is that at which it is just at the 
point of (but not actually) smoking. The lower, therefore, the 
pressure at which the gas oan be delivered to the burner, tiie 
more eoonomioally will it be burnt. And we derive also from 
this another general principle, of much importance in lighting 
sH areas of any sise, such as theatres, chapels, churches, 
warehouses, etc., and that is, that one large burner will give 
double, at least, the light ol a number of smsll ones, even 
supposing the same quantity of gas is ocmaumed in each ease. 
Tim danger of having too large an area for the emission of gas 
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from the burner ii, that in oaee of an inoreM of preef ore a I 
certain waete enmes. This has been ihe subject of much 
attention to gas> engineers, and has led, many years ago, to the 
invention of gas reenodators, which, like the burners, have been 
the subjeot of various patents. • The general principle upon 
which they are all constructed is to make the pressure of the 
gas itself the motive power which shall, by a self«aoting process, 
control its own supply. This object is attained by an instru- 
ment constructed something on the principle of a miniature 
gasometert through which the gas must pass when it leaves the 
meter and enters the servioe-pipes, the inverted tnmbler or 
little bell of the regulator being provided with a valve which 
controls the eedt of the gas by opening and closing. A high 
pressure lifts the bell, diminishes the opening of the valve, and 
reduces the supply of gas ; a low pressure allows the bell to 
fall, thereby opening the valve and increasing it. They were 
made, when first invented, to be used with water ; but as they 
have to be fixed within the house, and the water becomes 
rapidly impregnated with gas, an offensive smell was the result. 
This objection to their use, however, has been obviated of late 
years by the substitation of mercury (quicksilver) for the water, 
which keeps the regulator air-tight, and yet allows its freedom 
of movement. Where the pressure of gas is below the average, 
as in some low-lying districts, the regulator is not applicable; 
but in most oases, and oert^ly in all the higher parts of 
London, the force required to carry the gas through the long 
series of pipes is so great that their adoption effeots a grreat 
saving. They are inexpensive maoliines, and have often been 
known to pay the cost of their introduction in the saving of 
gas effected in the course of a few months. Most of our readers 
have, no doubt, noticed the flaring that often comes on late at 
night, when the gas is being gradually turned off in the shops; 
which necessitates the turning down” gf the gas several 
times perhaps in the course of the evening; this is entir^. 
controlled by the regulator, which secures a regular supply to 
the burners, and neutralises the extra pressure thus oooasibned. 

Further, we may remark that in many thousands of houses, 
by a careful re-oonsideration of the sizes and proportions of the 
burners required in the various rooms, and the introduction of 
a regulator, a saving of 80 per cent, of gas may be easily 
effected. 

Our limits are nearly reached ; but wo will conclude with a 
few words on the removal of products of combustion where gas 
is largely employed — ^a point to which, from sanitary reasons, 
too much attention cannot be paid. This is Bometimes effeoted, 
in the ease of single burners, by a bell-glass, from the top of 
which passes a pipe into the nearest flue — a very desirable 
method where pxaotioable. The late Professor Faraday in- 
vented a light in which an argond burner was entirely 
encased, chimn^ and all, in a large glass globe, from which 
was a pipe acting as a sort of flue ; the effect being that the 
products of combustion were removed, either to a flue or the 
external air, without mingling in the slightest degree with the 
atmosphere of the room. And there are many similar adapta- 
tions of this principle, whioh has been introdneed, among other 
places, at Marlborongh House. Much the same effect is at- 
tained by the modem introduction of the “sun-bumer,” whioh 
also acts as an independent ventilator, removing the vitiated 
air from the upper portion of the room. It is, however, only 
applicable to comparatively large areas, and will probably form 
the snbjeot of one of our subsequent papers ; while the removal 
of gas prodnots will be dealt with at length under the head of | 
ventilation generally. I 


NOTABLE INTENTIONS AND INTENTORS. 

Xn.~WILLIAM LEE AND THE STOCKING-PEAME. 

BY JOHN TIMB8. 

Thb earliest stockings worn in England, by Henry VHI., 
were *^clotli hose” or yard-wide taffeta, except there came 
from Spain, by great chaise, a pair of silk stocl^gs. Suoh is 
Howell’s stat^eat ; but that woollen stockings were not on]^ 
in use, but perhaps knit in this country, during the reign A 
Henry VIU., seems placed beyond doubt by this authefltks 
hous^old record i ** 1888, 25 H. 8. 7 Sept. — ^Peyd for 4 peyr 
of Khytt-bose, viiis.” As early as tiie third year of Elisabeth 
we read that the queen’s silkwoman presented to her majesty 


a pair of black silk knit stoeldage made in England, whioh 
pleased her so much, that she would never wear any cloth hose 
^terwards ; not only on account of the delicacy of ike article 
itself, but fxom a laudable desire to enoonrage new English 
manufacture by her own example, and hen^orth she wore no 
more cloth stockings. Soon after this (says Stow) William 
Eider, an apprentice at London Bridge foot, opposite tiie church 
of St. Magnus, seeing a pair of knit worsted stockings at an 
Italian merchant’s, brought from Mantua, boiYOwed them, and 
having made a pair like them, presented them to the Earl of 
Pembroke, whi<k was the first pair of worsted stockings knit 
in this country. 

The manufacture of stockings by the bumble process of knit- 
ting is, in strictness, to be called ** chain weaving ; ” fior the 
fabric itself is aotnally produced by a series of li^s or loops 
in a thread of worsted, ootton, or silk. In the process of knit^ 
ting, still carried on to a small extent in secluded country 
districts, polished steel needles or wires are used to link 
threads together into a series of loops, closely resembling in 
their character the loops produced by tambouring. But this 
method was almost entirely superseded by the ingenious stook- 
ing-frame, which, next to the common warp and weft loom, is 
the oldest maohine in existence applicable to textile fabrics. 
It dates from almost immediately after the introduction of 
knit stockings, or from 1589, the thirty-first year of Elizabeth’s 
reign. 

In the early history of the stooldng-frune there is a strange 
confusion of persons, places, and dates, in the accounts given of 
the invention and the inventor, which neither Beckmann nor 
any other inquirers have entirely succeeded in removing, unless 
we implicitly believe the evidence of a pointing which long 
hung in Stocking Weavers’ Hall, Eedcross Street, Oripplegato, 
long since taken down, lliis picture contained the portrait of 
a man in collegiate costnme, in the aot of pointing to an iron 
stooldng-frame, and addressing a woman who wes l^itting with 
needles by hand. The painting boro the following insoription : 
”In the year 1589, the ingenious William Lee, AM., of St. 
John’s College, Cambridge, devised this profitable art for 
stookingB (but being despis^, went to France), yet of iron to 
himself, but to us and to others of g6ld: in memory, of whom 
this is here painted.” From Deering’s *' Account of Notting- 
ham,” it appears that William Lee (whoso name is sometimes 
written Lea) was born at Woodborough, a village about seven 
miles from Nottingham: he is said to have been heir to a 
good estate, and he was a graduate of St. John’s College, Cam- 
bridge. Tradition assigns the origin of Lee’s invenilon to a 
pique he had taken against a townswoman with whom he was 
in love, and who, it seems, slighted his passion. She got her 
livelihood by knitting stockings, and with the ung^'iiPi’ous 
object of depreciating her employment ho constructed this 
frame, first working at it himself, then teaching his brother 
and other relations. Another account states that the girl^ 
during his visits, paid more attention to her work than to her 
lover, and he endeavoured to find out a machine whioh might 
facilitate and forward the operation of knitting, and by this 
means afford more leisure to the object of his affeotionB to 
converse with him. Beckmann, however, argues that a maohine 
BO oomplex in its parts as the stookmg-frame, and so wonderful 
in its effeots, would seem to i^uiro longer and greater reflec- 
tion, more judgment, and more time and patience thsn oould, 
be expected in a lover. 

Another version of the story states that Lee was expelled 
the University for marrying contrary to the statutes. Having 
no fortune, the wife was obliged to contribute to their joint 
support by knitting, and Lee, while watching the motion of his 
wife’s fingers, conceived how to imitate those movements by a 
maohine. Both accounts agree that the stocking-frame was 
invented by Lee, A writer in the Quarterly Review^ however, 
observes : “ This painting might give rise to the story of Lee's 
having invented the maohine to facilitate the labour of knit- 
ting, in consequence of falling in loVe with a young country 
girl, who, duxi^ his visits, was more attentive to her knitting 
than his propoB^; or the story may, perhaps, have suggested 
tiie pioturo.” 

There is, however, another datmant. Aaron HiB asoribes iho 
invention to a young Oxonian, who having married impru- 
dently, and having nothing to support his wife but the produce 
of her knittiiig, invented tiie stool^g-frame, and thereby aoou- 
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mnlated a large fortnne; bat Hill wrote thk eto^ in 1715, 
upon bearMiy. Evelyn, in hie “ Diiiry,** reoorda haying seen this 
ut foUows : ** 3 May, 1661.~~I went to etie the wonder* 
fnl madbine for weaving eilk etookinge, said to have been the 
invention of an (hcford eoholar about forty years sinoe thus 
plaotng the invention many years later thim the date of the 
picture in Stooldng-Weaven* Hall. Evelyn’s version is not a 
whit more exact than Hill’s, which Ebnore has followed in his 
very clever picture, painted in 1847. 

Lee practised his new invention some time at Calverton, 
a village about five miles from Nottingham, and he, or his 
brother, is said to have worked for Queen Elisabeth. Another 
account states that Iiee, finding himself neglected both by 
the queen and her successor, James L, and much annoyed by 
other stocking manufacturers bringing his invention into di^ 
repute, transferred himself and his machines to France, where 
Henri lY., and his sagacious minister Sully, gave the inventor 
a welcome reception. Lee is 
said to have carried over nine 
journeymen and several looms 
to Bouen, in Normandy. Never- 
theless, after the assassination 
of Henri, Lee shared in the 
perseoutiona suffered by the 
Protestants, and is said to 
have died in great distress, 
of grief and disappointment, 
in Paris. Seven of Lee’s work- 
men escaped to England, and 
with Lee’s, apprentice, one 
Aston, establiihed the stock- 
ing manufaotnre permanently 
in England. Aston, who had 
been a miller, added something 
to his master’s invention. Stow 
says that Lee not only manu- 
factured stockings in his frame, 
but ** waistcoats and divers 
other things.” 

In the year 1663, Charles H. 
granted to the Framework 
Knitters ’ ( stocking - makers’) 

Society of London a charter, 
which Cromwell had refused 
to them a few years before. 

In their petition, the machine 
is described os consisting of 
2,000 parts, and making almost 
instantaneously 200 meshes. Six 
years afterwards, the number 
of stocking-frames in England 
amounted to 700, employing 
1,200 workmen, of whom three- 
fifths made silk stockings, and 
the others worsted ; for cotton 
was not then ranked among 
English manufactures. By the 
year 1714 the number of 
frames had increased to 8,000 or 9,000. Our makers soon ex- { 
ported vast quantities of silk stockings to Italy, where they 
were known as “right English.” By the year 1753, about 
twenty years after the introduction of oottm stockings, the 
number of frames in England was 14,000. Mr. Jedediah Sfoutt, 
el Belper, invented in the year 1758 a machine for making 
ribbed stookings, which he patented; the patent was twice 
contested, first by the houses of Derby, and then by those of 
Nottingham ; but the validity of the patent being established, 
the inventor ezgoyed it for fourteen years. The rib stocking- 
irame was one of the oontrivanoes which led by gradual im- 
provements to the net machines. 

Here it may be interesting to trace the picture of Lee and 
kis wife, which appears to have been parted with by the Frame- 
work Knitters’ Company at a period of pecuniary embarrass- 
ment. Mr. Bonnet Weodoroft has ooUeoM some particulars 
«f the disposal of the picture, in the hope that they may lead to 
its recovery. In a list, dated 1687, of plate, paintings, etc., 
belonging to the Company, is this item, “ Mr. Lm's picture by 
Balderston.” It is described also in Hatton’s “ London,” 1708. 


From 1732, tftie Company’s books show no more meetings at 
the* hall, or afiy farther ehi^ of the picture. The stocking- 
weavers subsequently let their hall, and met at various taverns. 
The head of the oouH summons, dated 1777, is engraved from 
Lee’s picture, and from this plate is copied an engraving in the 
Gallery of the Portraits of Inventors in the Great Seal Patent 
Office. The picture is thought to have passed, about 1773, into 
the hands of an influential member of iho Court of Framework 
Knitters, who from time to time lent the Company money, as 
their books testify. (“ Curiosities of London,” 2nd edit.) 

The common stool^g-frame is a quadrangular arrangement 
of upright posts, connected by cross pieces at Uie top, and 
having on one side the weaver’s seat. Near this is placed a 
series of curved needles, which serve as knitting needles in 
forming the loops, in number according to the coarseness or 
fineness of the stocking. The stocking^frame has a series of 
vibrating levers, called jacks, which, aided by other intricate 
apparatus, throw the stocking- 
yam into such curvatures as 
enable the needles to form the 
loops. The weaver has a bob- 
bin-yam at one side of bis 
frame, from which he unwinds 
enough to lay across aU the 
wires. He then, by moving cer- 
tain treadles with his feet and 
levers with his hands, forma 
this length of yam into a row 
of loops ; and at the next move- 
ment, when forming another 
row of bends or loops, ho links 
the one row into the other, so 
as to form a kind of chain, 
which chain, extending both 
lengthwise and across, consti- 
tutes the web of the stocking. 
Ono continuous thread forma 
both warp and weft; and as 
the thread is not by this opera- 
tion tied into knots, such os 
occur in making nets, tho 
meshes ore loose; but at tho 
same time tho wob acquires a 
degree of elasticity which no 
other form of woven plexus 
presents. 

There are three olassea of 
operatives engaged in tho manu- 
facture ; the wind/ers, who put 
tlie silk, cotton, or thread on 
tho bobbins ; the stockingerSf or 
Jmmexvork^hnitterSt who work 
the thread into a kitted fabric ; 
sod the ieamerSt who make tho 
stockings out of the pieces thus 
product. Some of the frames 
are owned by the workmen, and 
some are lent out or rented. 
Stocking-frames with a rotatory motion, and worked by 
steam-power, have superseded the old unpromising engine, and 
effected very great economy. The working of a rotatory 
machine, impelled by steam, in which the new-fashioned stook- 
ingrs are made at the same time, will require the superintendenco 
of only one man and a boy ; whereas, in the old frame, but one 
stocking could be made at once by a single workman. 

Loughborough is a chief seat of some manufactures of the 
best hosiery. The stockings known as Angola and Merino aro 
made on the principle of combining worsted with cotton in 
nearly equal proportions ; and the pecniliitf features of the best 
make are the close and intimate intermixture of the fibres of 
the wool and ootton. The separate materials are first passed 
through a machine called a picker and blower, the object of 
which is to clean and lighten them, so that half an ounce would 
fill a bushel measure. They are then carded together by 
carding machines, p^ of each material being dyed blue or 
black, and the intermixture is effected by tbe carding. It is 
next spun of various fineness by throstles and mules, and then 
given out to be woven- 
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Thb obstacle offered by the ditch of a work, with the dimen- 
fuons nsiifJly attainable in the field, is so inoonaiderable that it 
is of the greatest importance to proyide some fianking defences 
for it, to increase the danger and difficulty of an assault. 


These are called kaponiers and rererse or counterscarp galleries, 
according to their position. Their actual construction is single 
enough, and yet from the fact that they are necessarily at the 
bottom of the ditch, and that their roc^s are covert with 
earth, it follows that they cannot be begun until the ditches are 
nearly finished, and that some of the earth will haTe to be moyed 
twice ; consequently, when the works are hastify thrown up it 
will often be impossible to get these buildings constructed. 


The arrangements for attaining this end, by means of fire | however desirable and even nooesaary it may be to do so. 


from the parapets, 
enable the defenders 
to 1»ke the storm- 
ing parties in fiank 
while crossing the 
glacis, as well as 
when actually in the 
ditch itself; but, on 
the other hand, it 
seems doubtful whe- 
ther this advantage 
is not more than 
oounterbalanced by 
the attendant de- 
fects of increased 
length of parapet 
and liability to enfi- 
lade, which would 
prol^ly oanse the 
flank defence to be 
crippled at the very 
instant it was most 
required, viz., the 
last moments of the 
attack. 

To these reasons, 
and also to the fact 
that the simple trace 
of a redoubt is more 
capable of adapta- 
tion to irregular 
ground than that of 
a fort, is probably 
owing the ciroum- 
atanoe that in al- 
most every instance 
when closed field- 
works have been 
employed of late 
years the former 
trace has been 
adopted — «.g., the 
Danish redoubts at 
Duppel, 1864; the 
double line of re- 
doubts round 
Vienna, 1866; and 
the works thrown 
up round Dresden 
by the Prussians in 
the same year. In 
all these cases the 
works were traced 
rather with refer- 
ence to the direo- 
tions in which oifen- 
aive fire was required, and to the reciprocal flanking fire of the 
collateral works, than to any idea of their own flank defence ; 
and in many cases ^e ditches were altogether undefended. 

That such flank defenoes, however, are still thought advisable 
by foreign as well as Engl^ engineers may be seen from the 
fact that in the works of this class at the Buisian entrenched 
camp hi Finland the ditches are defended by kaponiers, and 
that they have been provided for in the approved type of hasty 
redoubt in the latest work on military engineering at Chatham. 

Flank defence for the ditches of redoubts is obtained by 
building covered loopboled galleries in them in auch positlona 
that, while bring w^ acreimed fri»n the enemy'a dla^t fire, 
they ihoroiighly command one if not two ditches (Figs. 41, 42). 

*36— N.B, 


Fig. 41. 



In some oases, 
when the skilled 
labour of sappers is 
available, time mey 
be saved by laying 
the roofing b^ma 
on the ground in the 
ditch at the required 
level, and then em- 
ploying a double set 
of workmen, one 
oxoavating the earth 
under the beams to 
form the interior of 
the gallery, whilo 
the other excavates 
the ditch, and forms 
the roof with the 
earth thrown out. 

In this case of 
course the sides of 
the gallery are of 
earth, but as a rale 
the side and front 
walls are oon- 
struoted of stockade 
work, roofed in with 
thick beams of wood, 
covered by a suffi- 
cient thickness of 
earth, usually from 
three to five feet 
(Figs. 42 and 44). 

A kaponier is a 
loophol^ building 
projecting from the 
escarp across tho 
ditoh; and, in order 
to obtain as mnoh 
fire as possible from 
it, the length of its 
sides should be tho 
full width of tho 
ditoh; but as the 
roof would then af- 
ford a ready means 
of entering the work, 
the ditohos at these 
points are carried 
round the end of 
the kaponier to pre- 
vent this. There is 
usually a covered 
passage leading 
from the interior 
of the work to tho 
kaponier, to enable its garrison to be reinforced, and which 
enables Ihem to retire to assist the defenoe elsewhere when no 
longer required at their post. 

l^poniers in permanent works are largo casemated masonry 
buildhigB, mounting one or two tiers of guns ; bnt in field-works 
they are only oonstmoted of timber, and consequently are liable 
to be destroyed by the enemy’s pitching fire, unless the roof is 
sunk well below &e crest of the glacis. To do this, and at the 
same time retain sufficient thickness of roof and head-room for 
the defenders inside, it is in many oases necessary to sink the 
floor bcb>w the level of the bottom of the ditch. This brings 
the loopholes close to the ground, and exposes as little as 
possible of the stockade timbers, but has the disadvantage of 
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liable iio be flooded in weather ; and, moreover, the 
loophcflee, if very low down, may be uaeked and rendered nee- 
lese by the earth dislodged fxom the esoarp by the explodon of 
the enemy** nhells forming monnde in the ditch. 

Beveree or oonntereoarp galleriee are limilar in oonstrbetion 
to kaponiere, bnt ere placed under the glacis, their front Indl 
being the oonntereoarp of the ditoh (Fig. 43). They have the 
advantage of being more eeonre from the enemy’s fire, bnt have 
no means of oommnnicating or receiving assistance during the 
fight, and the retreat of their defenders would inevitably be out 
off should the enemy gain possession of the works. 

It must bo understood that in permanent works where this 

! method oi^ 

flank ddfenebv" 
is adbpied, 

exist, 

work. 

In redoubts 

whose ditches are twelve or thirteen feet below the crest of 
the glacis, it is not neoossary to sink the floor of the counter- 
scarp gaUery below the level of the ditch, as that height is 
sufficient to admit of seven feet head-way inside, as well as a 
thickness of roof of five feet (Pig. 44). To protect the timbers 
of the front of the gallery from the splinters of shells bursting 
near them in the ditch, a small excavation should be made at 
the bottom of the ditch, and the earth from it piled against 
them as high as the bottom of the loopholes (Fig. 44). This 
excavation, if provided with pointed stakes, will assist the de- 
fence, by preventing the enemy from closing with the loop- 
holes from outside. 

The position of these defences with reference to the direction 
of the enemy’s fire is very important, and can only be deter- 
mined by the special conditions of each case. Field-works, even 
when closed, and therefore capable of resistance in any direction, 
are really always part of some general line of defenoe against 
an enemy advancing in certain known direotions ; the sides, 
therefore, most liable to attack can generally be determined on 
when the plans for tho work are drawn up, and the kaponiers 


oasemated buildiofi, placed tjbC mgs. of the works, and 
oontaining ^ pr^oipal magasfauM. alio oommunioate 

directly with the kaponiers and gaUeries of the outer work, and 
hav^, generally ditdM and fiaaak defence of their own. 


FARMING AND PAR’MING EOONOMY.-^L 

By J. WaieBTSOv, Professor of Agrioultitre, BoyalScboolof Minss. 
BxmAL economy has from the earliest times been divided into 
agriculture proper (agncttltura) and the management of stock 
(posrio) ; the first having relorenee to the ooitivation of the 
ground for crops, and the seetmd to the pastoral oocupations of 
breeding and rearing cattle. In treating of farming and farm- 
ing economy, however, we ehaU find that on the gxmter number 
of farma thM two bximobes ate united, giving rise to what is 
conveniently named “mixed husbandry.” Un^r the common 
name of “agrionHure” the management of both “stock” and 
“crop” is usually included, and both elaases of produce will 
occupy our attenrion in the following series. The importance 
of this art is most thoroughly seen when we reflect upon its 
universality, the many forms in which it meets us throughout 
the world, and its direct and indirect effects upon the well- 
being of tbe human race. The onlture of plants and domestica- 
tion of animals render the neoesiariee of life abundant, and a 
large population possible. The more, indeed, we reflect upon 
agrioultnre, the clearer do we see its vast importance. We 
recognise in it the underlying tissue binding the members of a 
nation into one ; the source of food, of clothing, and of luxuries : 
and an employment for the greater part of the human race. It 
is with such a subject we have now to deal, and at the outset 
it would be well to settle how we may best consider it. In the 
first place, we must restrict ourselves to English, or at most to 
British farming, and that principally of our own time. Snch 
attention we must give to the history of the art as will be 
necessary to make our own customs and notions intelligriblo ; 
and in bestowing it wo shall see that while generation after 
generation have profited by a long experience, they have also 
handed down to us obsolete ideas which to this day shaokle us. 

The history of agriculture appears to have been affected by 
three distinct but parallel influences. First, tho law of landed 
property, rendering tho owning and holding of land 
sible, conferring power upon the owner, and greater or less 
security upon Ids dependants. Secondly, the aooumulated expe- 
rienoe of the art, aided from without by other branches of 
knowledge. Lastly, we have the influence of the growth around 
agriculture of numerous industries formerly unknown, in turn 



or galleries checking or enoroaohing upon it, or stimulating it by home and 
placed accord- foreign competition of various kinds to fresh exertions. We 
ingly. The shall glance briefly at the first two classes of causes; but the 
accompany- last extends over too wide and varied a field for present con- 
ing diagrams sidersitioin. ^ „ 

(Figs. 45 and The most dasual observer of the eeonomioal condition of land 
46) show the sa a property in this oouutcy will note that for the most part 
way in which it exists as large estates owned by our aristocracy and gentry, 
either of these and farmed by tenants removable at the will of the owner, or, 
types of de- more strictly, superior tenant, commoniy called owner. Lastly, 
tooe may be there is the labourer, oh whom ultimately falls the burden of 
appliedtoflank aotnally onltivating the land and securing its produce. The 
^e diteffies of “owner” is entitled to rent, “which implies a return in service, 


an ordinary pentagonid redpubi ; but it is by no means necessary 
that tho whole of the ditches need be flanked in the same maimer, 
a combination of the tiro being fi^eqaently advisable. 

The defenoe of a field-work ihay be rendered more obstinate 
by tbe oonstniotion of a small central work within it, which 
is capable of being defended after the main work has fallen. 
Such a work is <^led a redwii, and may be either a small 
earthen redoubt or a loopholed building, with a bomb-proof 
roof similar in oonstmotion to a kaponier. In tho former 
case tho parapet of tho rediiit should bo somewhat higher 
than the outer work, to prevent the enemy from seeing into 


QOm, cattle, and money from tiie land demised” (Bayldon). 
He also retams the right of re-entry, after legal notice, and 
certain rights as to woods, mines, game, ete., which need not 
now detain us. The tenant, usually termed the “farmer,” is, 
under certain restriotions or limitationB, allowed to apply his 
capital in cultivating the land, and is entitled to the surplus 
profits, after rent and other burdens have been paid. He has, 
however, too frequently no perxnanent interest in the land, and 
is liable to eviction at six months’ notice from the landlord or 
bis agent. The labourer has no legal interest in the land, but 
is enthrffiy dependent upon the farmer, for whom he worlm at 


it when standing on the parapet of the main work ; but in the 
latter the block-house (as such a rednit is dolled) should be as low 
at* possible, to protect the walls from fire, while its loopholes com- 
mand the whole interior of the main work. Beduits are useful 
in affording protection to the stores mid reserves of the garri- 
Hon, and either contain or (if blook-honses) are themselves the 
barracks for the troops. Bruits of permanent forts ore large 


weekly or daily wages. 

To this threefold system of landlord, tenant, and labourer, 
term “farming” properly belongs. This word is now for 
the nmst part used to denote the ooeupation of agriculture, and 
^he estate or land itself is usually spoken of as a “ farm.” The 
ocoupations of agrienlture and faming are, however, by no 
means synonymous terms, since farming presupposes the pay- 



FABMING AKD FAEMING ECONOMY. 


181 


meat of xmt, limATM imfmnpy. Farm, otfeorme^** writes 
Bayldcm, in liis ^ Einto and is an old Saxon w^rd, 

8igidfjii^^I>rorMoiw,*^‘l^ aiidentlj tiia rants wars iMdd in 
prodnoa, and wara altatad by the intt^nation of monay. A 
farmar, or jirmttKiis» mur ona who h^d his lands dpon paying 
a rant, or /aorms/' WHah a lantilord ooltiTates his own pro- 
perty ha is not atriotljf speahing a farmar, aJthongh in ordinary 
langnage ha may ba so designated } and, agam, by the payment 
of a fixed rant or share in Qie profits, the farming sysUm has 
been introdnoad into mining, tax-ooUeoting, and other ooonpa- 
tions altogathar nnoonneot^ with the ooltiratian of the soil. 
The agrionltnra of this country is for the most part oarried on 
by a system of fhrming or hiring^a system springing natnrally 
from tile great extent of landed estates which conld not well be 
onltiTated by their owners, and are therefore let to tenants. 
How far the system Of tenant-farming is the best for the land 
and the community is a question upon which much may be 
said.; but we. may safely conclude that it is the only system 
compatible witii the lar^ estates into which England is divided, 
and that t£ has many sdid advantages. To the landlord it 
gives an assured revenne, and to the tenant it offers a fair 
profit upon capital invested. The labourer is, however, less 
fortunate, and there is reason for thinking that the system of 
letting land places him in an nnsatisfectory position ; the tenant 
soaroely havi^ a suffioiently permanent interest in the land to 
warrant him in expending capital on labourers, while the land- 
lord, so long as his rent is paid, has no direct or pressing reason 
for attending to the reqnirements of the labourer. 

Familiar as our system of landowning and hiring is, it had a 
commencement and rise which may be traced with the aid of 
history. In the fourteenth century traces are met with of an 
older system of landed property, which at that time had well 
nigh disappeared. We refer to the old Teutonic **mark,*’ or 
“township,** with its three constituent parts — “ the * common 
mark * (the fole-land of the Anglo-Saxons), owned jointly by the 
community ; secondly, the * arable mark * (feldma/rJc)^ cut out 
of the common mark, and apportioned in equal lota to the 
members of the community (the Anglo-Saxon hoedmd) ; and, 
lastly, the *mark of the township* thorp^ villa), also 

divid^ into individual lots, and individually appropriated.*** 

This primitive distribution of land had at the period speci- 
fied ceased, and the lord of the manor had obtainod an over- 
lordship or suzerainty over those who had formerly been his 
equals. Thus, according to Professor Bogers, in the thirteenth 
and fourteenth centuries “the parish or manor was divided into 
four portions. First, the lord held, together with his feudal 
rights over the whole, except the glebe of the parson or impro- 
priator, a demesne, which he cultivated by his bailiff ; secondly, 
there were the sm^l estates possessed by the freeholders, who 
paid quit-rents ; thirdly, there were the tenements and lands of 
villains, hordarii, or eotarii; and, lastly, the waste or common, 
over which all tenants had right of pasture, and sometimes of 
turf.*’ The freeholder was, in fact, a farmer at a i>erpetual 
lease, and is the predecessor of the freeholders ot the present 
day, who still pay quit-rents to the lord of the manor. Next, 
and below the free tenants in rank, ore the nativi, or villains, 
and the eoierslU, or cotaHi, holding their tenancies at agricul- 
tural services, these services being commntable for specified 
sums of money. The position of the villain was servile, and in 
many respects nnfortunato. Th^ ore the forenmners, not of 
tenant-farmers, bnt of copyholders, and oould not readily bo 
evicted by thehr lords at the time under consideration. 

Previous to this time, as already stated, the lord’s demesne 
had been oultivatod by means of a bailiff, a custom generally 
discontinued after the Plague, which first devastated the 
country in 1848. Professor Bogers states that Merton CoUoge, 
Oxford, let their estate at Ibstone, in 1300, for thirty-five years, 
and that after the Plague most of the oolite estates were let ; 
also, that about the year 1381 the leasing of land became 
genezid. At this time the freeholder held an indej^endent and 
safe position, and even the copyholder, or tenant in villenage, 
was a permanent tenant, whose land ooidd not be entered by the 
lord. We may therefore fairly dote tiie custom of lotting land, 
and the rise of the important body of tenant-farmers, from the 
oommenoemont and middle of the fourteenth century. 

The mass of peasant proprietors, comprising socags and 

*Xori«r, “Syste m cf Land Tsnuie hi Tarlooa CoontriM : Germany.** 


villain, or free and copyhold tenante, has been steadily absorbed 
by the purchase of thc|r lands by the great landowners, so that 
hat tlm ptessttt 4ay they have, as a cliaas, ahnost disappeared ; 
and in the plaice of the lord of the dsmesne cultivating his 
own estate through his bailiff, and smronnded by a more or 
less free t^iantry, we have the modem eoonomy* of landlord, 
tenant, and laboo^. 

contrasting modem farming with the onltivatimi of the 
thirteenth and fourteenth centuries, we beoome oonatious of the 
immense improvement which has gradually taken place. At 
that early date wheat, barley, oats, rye, beans, peas, vetches, etc., 
wore all in ordinary onltivation, and the usual domestic animals 
were present as live stook. There is also an unexpected uni- 
formity of management or practice in estates far remote from 
each other, which suggests a freer means of oommnnioation 
between various parts of tiie country than might have been 
supposed to exist. Boot-crops were, however, unknown, and 
winter feeding of stock was therefore impossible. The so-called 
** artificial ** grasses and clovers (seeds) had not yet appeared ; 
Implements were mdo, and manure was sparingly employed. 
The imperfect method of cultivation is best shown by the small 
return in proportion to the seed sown. The amount of seed 
approximated to that now used by many farmers^namely, two 
bushels of wheat, rye, beans, peas, and vetches, and about four 
bushels of barley, bere, and oate. The records of Merton 
OoUege, Oxford, which have been so ably edited by Professor 
Bogers, supply exact information as to the yield of grain upon 
various estates during the season 1333-4. ** Wlieat at Maldon 
returns about four times the seed ; at Leatherhead, less than 
three ; at FsCrley, less than four ; at Cambridge, about four ; at 
Wolford, more than eight times ; at Cuxham, about four and a 
half times ; at Holywell, nearly eight times ; at Basingstoke, 
about three times the quantity sown.” An average crop of 
wheat at the present day has been variously estimated, but 
twenty-eight bnshels per acre is probably very nearly correct 
over the whole of England, while thirty bushels is commonly 
looked upon as a fair crop. We see, then, that modem culture 
has greatly increased tiie amount of produce per acre in the 
case of wheat, and the same is tme with regard to other crops. 

In tracing the history of the various improvements intro- 
duced into British agriculture wo shall do little more than 
indicate the period at which they occurred. “ Great clover,** and 
probably turnips, wore introduced by Sir Bichard Weston, about 
1645. In the third edition of Blythe’s “ Improver Improved** 
(1662), both clover and turnips are noticed, and a considerable 
share of attention is bestowed upon drainage and other improve- 
ments. In Haughton’s “ Collections on Husbandry and T^e,*’ 
a periodical commenced in 1681, occurs the first notice of sheep 
being fed upon turnips upon the land. It was about this time 
that the potato began to attract the attention of agriculturists, 
although provionsly known as a garden vegetable. At the 
beginning of the eighteenth century, clover and rye-grass appear 
to have been sown together, and out as green fo<^ ; and at this 
period Jethro TuU perfected his system of drill husbandry and 
horse-hoeing. Turnip husbandry also, appears to have greatly 
extended in the middle and towards the close of the last century, 
thus preparing the way for the maintenance of the improved 
races of domestio animals now about to appear. About the 
year 1755, Bobert Bakewell, of Ixiughborough, Leicestershiro, 
turned his attention to sheep and cattie breeding, and intro- 
duced the famous Leicester or Dishley sheep, and the “ long- 
horn** race of cattle. Subsequently Charles Colling (formerly 
a pupil of Bakewell) and his brother Bobert brought out ibo 
celebrated short-hora race, by improving, the native cattle of 
North Yorkshire and South Durham (the Teeewater breed) by 
careful selection. The present century has boon remarkable 
in the xnrogress of agrio^ture. It is daring this period that 
agricultural societies have been founded, and have arisen to 
their present importance ; that agricnlturil colleges have been 
opened, that steam has been applied to cultivation and thrash- 
ing, that ohemistry has revealed the true nature of foods and 
fertilisers, and that a steady improvement has token place in 
live stock and cultivated plants. 

For fuller information on the above interesting points relating 
to ancient agrionltural enstoms the reader is referred to Pro- 
fessor Bogers* “ History of Agriculture and Prices ’* (Clarendon 
Press, Oxford), and Ms^’s ** Village Communities in the East 
and West ** (John Murray). 



THE TECHNICAL BDUCATOE. 


OBJECT DRAWINO.— III. 

Fid. 11 represents a eube placed on the left side of the speo- 
tator ; and on this onbe rests a square pyramid. 

Having already given the elementary principles on whiohthe 
vieir of the onbe is based, it is only necessary here to refer to 
the pyramid which is drawn separately in Fig. 12. 

liet 1 . B be the side of the base of the object. From A and B 
draw lines to the point of sight; and it will be clear that 
portions of these lines will be the sides of the square, which, 
being at right angles to the plane of the picture, oonrerge to 
the point of sight. 

The line c d will give the back line of the figure, which 
thus represents the “plan” of the pyramid, or the piece of 
ground on which it stands. 

The exact position of the apex or point is next to be con- 
Hidored. Now, although in the more elevation (that is, the 
view in which only the front of tiie object would be shown) the 
ai>ex would be immediately over a, the middle of the base of the 
isosceles triangle, this is not the case when the eye is moved 
towards either side of the object ; for it must be remembered 
that the apex is not over the middle of the side, but over the 
middle of the s^xare forming the base. 


fig. 11 is only over the intersection of the diagonals of the 
onbe, because the pyramid is placed so that the edges of its 
base correspond eimotly with the edgw of the top of the cube. 
Other oironmstanoes w^ be oonsideted in future lessons. 

Fig. 14 is a cube on which rests a pyramid, the apex of 
which is not over the centre of the top of the cube. Having 
sketched the cube as in former lessons, draw the line A b repre- 
senting the front of the base of the pyramid. 

As the pyramid is to be represented as if moved forward, this 
line must of oonrse be drawn in front of o p, the edge of the 
oube, and although it would in reali^ be the same length, it 
must be longer than o p, being, in fact, the most prominent 
line in Hie picture. You will understand ^is if you r^er to the 
out in Lesson I, in which P b represents the line on whioh the 
picture-plane stands. 

Now,' if you place such a plane in front of the present subject, 
and gradually move it nearer and nearer to it, the first part at 
which it would touch would be the line A b. 

Ftom A and b draw lines to the point of sight ; for although 
the pyramid has been moved sideways and forward, its edges 
have been kept parallel to those of the cube, and the linee A b 
and b r in the model are at right angles to the plane of the 
picture. Next draw the line b f, which complex the base of 



Therefore, having sketched the figure A o D b, draw diagonals 
the intersection of whioh, b, will clearly give the centre of the 
base. On this point erect a perpendicular ; mark on it the 
apparent height F, and draw f a, f b, f p ; the line f o may 
be lightly drawn, whioh will give a transparent appearanoe to 
the drawing. 

Having thus studied both the objects of whioh Fig. 11 is 
uompoaod, it will bo a comparatively easy task to draw the two 
wlien oonibined. 

Draw the oube as already shown, and as the base of the 
pyramid in the present case corresponds in size with the sides 
of the oube. draw diagonals in the upper surface, and, as in 
Fig. 12, erect a perpendicular on whioh the apparent height is 
to be marked ; the object (Fig. 11) is then to be completed as 
before. 

The student is advised in most oases to sketch the objects 
as if transparent. These interior lines may, of course, be 
rubbed out before shading ; but they will be a great guide in 
testing the oorreotnees of the general form, and will materially 
assist in finding the distant points of the figure and the posi- 
tion of the ol:deots in relation to each other. 

Fig. 13 is ^e same view, representing the object when re- 
move from the immediate foreground. In this view the object 
is supposed to have moved backward in a direct line from Fig. 
11, as if guided by a tramway ; the student will thus be able 
to aooount for the diminution in sise. 

It must be pointed out, that the apex of the pyramid in 


the pyramid. In the quadrilateral A B F B draw diagonals ; at 
their intersection erect a perpendicular equid to the apparent 
height, o, of the object ; and finally draw o. A, o b, a B, and (k f. 

Fig. 15. — This is a oube resting on one of its edges, whilst 
another touches the cube, Fig. 14. 

Now it is necessary to bear in mind, that although this oube 
rests on one edge only, the plane d the side a' b' <f J>* is 
parallel to the picture. To pro've that this is so, place the cube, 
in the first instance, on one of its sides, the face A' & c d being 
parallel to the picture, as in Fig. 14 ; raise the object at 5, until 
the edge d rests agamst the side of the oube (Fig. 15 at d'). It 
will then be evident that the object hae merely rotated on Af 
from left to right, but that the surfaoe remaixis parallel to the 
pioture-plane as before. 

The shape of the front therefore remains unsltered-~a perfect 
sqnaro — but resting on the angle a' instead of on the side a' h 

To draw this objeot, draw the line a' d', carefully observing 
(1) that it must be of the length of the side of the oube (Pig. 
15), the cubes being equal, and (2) that it slants in the degree 
required ; the line a' d' forms the hypothenuse of the right- 
angled triangle a' b and by comping the angles at a' and 
d' in your drawing with those formed by the meeting of the two 
models, you will soon disoover whether the onbe is sufficiently 
inclined. 

On A"* t/ draw the square A' J>'t whioh will give the fane 
of the cube in the position required. 

Beverting to the original oube drawn in dots, it will be seen 
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Pig. 17. 


Pig. 18. 


that the edges h V esud e o', being at right angles to the piotore, In beginning to drawthe object ihns formed, sketch the entire 
converge to the point of sight, and this will s^ be the case, for front, dually observing the proportion of the blocks, 
though the edges of the cube have altered in potiHonf they have draw the view of the upper surface of the whole object, 

not altered in di/recHoUt but still run direct from the fore> treating it as a complete block. This surface, it will be remem- 
bered, must 
notbeaswide 
as if the figure 
to be repre- 
sented were 
a square; the 
side D is then 
to be added. 

Now from 
h and c draw 
lines to the 
point of sight, 
in order to 
represent the 
inner edges of 
tbe two side 
blocks. If 
the object 
were a square, 
diagonals 
would now 
be drawn in 
the complete 
quadrilateral 
representing 
the top, 
the 
where 

c out these 
would 

the positions 
of the corre- 
sp ond ing 
line ‘ *' 
two 

which are 
parallel to the 
picture. This 
has already 
been referred 
to in previous 
lessons, 
will be further 
shown pre- 
sently. 

This me- 
thod would 
not hold good 
in 

to an oblong, 
for it will 
on refe- 
rence 

17, that when 
the font 
pieces are 
placed as in 
the group, 
the points a, 
6, c, d do not 
fall in the dia- 
gonals. 

In object 
drawing, 
therefore, the 
student will, 
in t^is case, 
be called 

exercise his judgment as to the width of e and / 


ground into 
the distance 
at right 
angles to 
the plane of 
the picture. 

Therefore 
from 

d' draw lines 
to the point 
of sight. 

The line 
drawn from 
j>' will out 
the distant 
perpendicular 
of Fig. 14 in 
b', and as the 
cubes are 
equal, this 
will deter- 
mine the 
depth of the 
distant sides; 
therefore 
from b' draw 
a line parallel 
to d' a', ont- 
ting a line 
drawn from A'®” 
to the point 
of sight in V. 

Also from 
drawa line pa- 
rallel to n' (ft 
cutting a line 
drawn from o' 
to the point 
of sight in B. 

FVom F draw 
a line parallel 
to a' b', cut- 
ting a line 
drawn from B* 
to the point 
of sight in a. 

Draw o H, 
which will 
complete the 
object. 

Fig. 16.— 

This figure is 
composed of 
four equal 
blocks, or 
solid oblongs; 
they are equal 
in length, and 
since they are 
not mitr^ at 
the angles, 
the figure 
they form is 
not a square. 

To make this 
clear, let us 
suppose that 
^blocks are 

12 inches long, and that their thickness is 8 X 2 inohea, rad that 
they are all testing on the side, which is 2 inches wide. Now, 
placed as thqy are in the group, A will be 12 inches long, whilst 
&e end of eaoh of the blocks B rad c, placed at the side, is 2 
inches. Thus the width of the front will be 16 inches, whilst the 
length of the side D is only 12 inbhes, the length of the block. 



upon to — 

It may, however, guide him to be reminded, that in the present 
view the width from front to back is considerably diminished. 
The width from left to right retains its true dimensions in 
the front, and is but slightly decreased at the back. It will 
be clear, then, that the width of e must be rendered less t h a n 
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thttt of 6 itnd thitt/t bciixig io'tbo diitenoei. sniit bo otSU 
former diminiiJiad. 

From g dmw a line to the point of eight, end from h draw a 
perpendtoukr. Thie will give the point 4. Then draw a similar 
line from j to the point of sight, and a perpendicular from h. 
Thie, again, will give the point I, and as X; 1 ie the angle at 
whi<^ the bau>k and right aide meet, the line k I should be equal 
fco h i, and thus a horizontal line drawn from i should meet L 
The rest of the lines required to complete the transparent ap> 
pearance of the drawing are now to be added ; this is necessary 
since the cube is to be placed in the middle of the Tacant 
apace, and it is important to know its position, for if the front 
line of the base of the cube were placed too far back, it will be 
•clear the cube could not stand in the space, nor can the height 
of an object which is partially hidden bo truly asoertained, 
unless the obstacles which obstruct the complete view are ima- 
gined to be transparent, so that the whole object may be 
sketched in. 

The plan of the cube is now to be sketched in the space 
i 1 m n, observing that there must be a clear space left all round 
it, the width on the right and loft side being more than that at 
the front and back. The square for the front is then to be 
■ drawn, and the whole oube will then be easily completed. 

Fig. 18. — ^An oblong block, the ends of which are square, 
stands on the cube. The height of the block here represented 
is 12 inohoB, its width being 4 inches. The top of the oube is 
6 inohes, and thus in the model a margin of 1 inch is left all 
round. The method of rendering this in a drawing has been 
before alluded to, but is here given as a separate study, in order 
that it may be more olearly understood. 

Let A B D 0 (Fig. 19) be a square in which a smaller square, 
X r u o, is inscribed. It wUl be seen that the angles of the 
inner square are on the diagonals of the outer one. 

Now, in making a perspective sketch of this figure, draw the 
line a b (Fig. 20) equal to A B, and having drawn lines to the 
point of sight, draw the back Hpe of the figure, c d. 

Through the points b, a and r, h (Fig. 19) draw lines meet- 
ing A B in Z and j. From a and h (Fig. 20) set off a t and b j, 
equal to A 1 sad B j in the previous figure ; then from i and } 
draw lines to the point of sight, which, cutting the diagonals in 
4, t ntaf, h, will give the points of the smallor square. 

This method is then to be applied in the upper surface of the 
■cube in Fig. 16, and perpen^oulars having been drawn from 
the angles of the inner square, the oblong blook may be oom- 
ploted. 

A pyramid is now to be placed upon this group, the base of 
which is larger than the end of the blook on wUoh it stands. 
The lines forming the base of this pyramid being parallel to 
the edges of the top of the cubioal blook, the diagonals will 
ooinoide. 

Now let 08 imagine efg h in Fig. 20 to represent the top of 
the oblong blook. 

Draw diagonals, and produce them beyond the angles of the 
figure. Then draw the line a b at such a distance in front of 
ef as may be required. From a and b draw lines to the point of 
sight, outting the produced diagoualB in c and d. Join c d, and 
^11 complete the figure. 

In the present study, the base of the pyramid is equal to the 
top of the cube ; therefore, when the ^agonals of the top of 
'the oblong blook have been produced, perpendiculars raised 
from the angles of the cube, as shown in the figure, will give 
the points to which the lines are to be drawn. The oube and 
p^mid are those shown in Fig. 11, in which it will he seen 
tl^t the one exactly covers the other ; therefore it will be evi- 
dent that when the pyramid is raised, so long as the edges 
are kept parallel to those of the top of the oube, the angles 
of the upper object must bo immediately over those of the 
lower one. 

A perpendicular is now to bo raised on the intersection of the 
diagonalB ; and on this the apex of the pyramid is to bo fixed. 
Linos drawn from this point to the angle of the base will oom- 
plete the object. 

For oonfenionoe of reference the enclosure of blocks, the 
9 ube, uptight oblong blook, and surmounting pyramid, have 
considered as forming two figoree numbered respectively 
Figs. 16 and 18. It will be useful for the' pupil to* study and' 
make drawings of these figures separately as well as in combi- 
nation. In either case the same method must be pursued. 


SEATS OF INOtrSTIlY,— IX. 

DUNDS;E.r-lI. 

BT WIZtniAX WATT WIBSTIB. 

Till story of the introduction of jute into manufaotiires la, 
perhaps, the most interesting episode in the industrial history 
of Dundee, which has almost monopolised the working of this 
fibre, at aU events np to the present. Dundee has b^n called 
** Jutopolis by some of her oituens, and her claim to the title 
cannot be disputed. Towards the end of the last oentuiy the 
East India Company sent specimens of a variety of fibres to this 
country, in order to ascertain whether any of th^ could be used 
as a si^stitute for hemp, and in the lot was included a quantity 
of jute, which, however, attracted no attention for a oonidderable 
time a^r its arrival. It was at Abingdon, in Oxfordshins, a 
town noted for sacking and twines, that this fibre is understood 
to have been first spnn into yam and worked into carpets. In 
the year 1822, Mr. Thomas Neish, a Dundee merchant, re- 
ceived a small oonsignment of jute from London, but faiM in 
his efforts to induce the manufacturers to make an attempt to 
spin it ; and after the paroel had been kept for a few years, it 
was sold to be made into door-mats. About two years later a 
few bales of the new fibre were sent to Mr. Anderson, a Dundee 
manufacturer ; but although he persuaded his mother, who was 
an expert at the work, to try to spin it, the experiment was a 
failure, and all that Mr. Anderson snooeeded in producing from 
the material was a ooarse yam that could be partially used for 
Booking. In 1882 Mr. Neish got another consignment of jute, 
which was again offered to the man’nfaotorers and rejeoted. At 
last, however, he succeeded in indnoing Messrs. Bidfoar and 
Meldmm to experiment with the new material, and a suooessfnl 
result having been attained, the foundation of the Dundee jute 
trade was laid. During the first three years after its introduc- 
tion, jute was uniformly mixed with flax and tow ; but by 1835 
pure jute yam was spun and sold, riinoe that time the trade 
has steadily increased, but it was daring the period of the 
American war that it received its greatest impdtus, when jute 
was Bubstituted for cotton for many purposes. Very large 
fortunes were then made by the manu&oturers, and the jute 
trade was placed on a sound basis, which it has held firmly to 
the present time. The flax trade, on the other hand, has 
steadily declined. The ohango in this reepeot is very marked — 
the respective values of flax and jute yarns export^ from tho 
United Kingdom in 1867 and 1886, as also of linra and jute 
goods, being as follows 

1867. 1886. 

Yams. Linen £2,450,000 £935,225 

Jute 117,028 278.815 

Goods. Linen 7,438,000 5,259.182 

„ Jute 455,000 1.807,822 

In the early history of the jute trade the raw material was 
invariably imported from India to London and Liverpool, when 
it was purchased by the Dundee spinners, but of late years it 
has been imported direct to Dundee, and a large fleet of the 
finest morohontmeu afloat annually come to the port. 

The following abstract shows the quantities of jute imported 
direot from India daring 1880 and the three years following t — 
Mo. of Yeesels. Tonnage. Bales. 


1880 ... 

... 60 ... 

... 81,181 ... 

579.636 

1881 ... 

... 84 ... 

... 116,101 ... 

825,862 

1882 ... 

... 86 ... 

... 124,617 ... 

864,668 

1883 ... 

... 114 ... 

... 162,665 ... 

... 1,144,327 


Great competition now exists with other localities and ooun- 
tries in the manufacture of jute, and many markets which were 
very profitable for Dundee have been appropriated by her rivals. 
The most formidable of these is Calcutta, which now mannfac- 
tores jute goods most extensively, and supplies the Austndian 
and Egyptian markets entirely, and is ma^g very rapid etrides 
in the American markets. Germany also, which was once one 
of Dundee’s largest customers, now manufactures jute goods 
largely, and ships her surplus to compete with Dundee in the 
home markets. 

The most extensive manufacturing estabUshment in Dundee 
is that of Baxter Bros, and Oo. Ti^ firm formerly manu|ao<« 
tured flax goods entirely, but within the last few years a large 
portion of toeir machinery has been devoted to iiie miuiefao- 
ture of jute, of which they oouBuzne about eigh^ tons a week. 

The (^ef partner of this firm was the Into Sir David 
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Baxter, Bafi, of FBma^on^a goutlemaa diatiagnished alike 
for enlightened philtttthret)/ nbd aoooeta in hiK^nMa. Beeidee 
a Tarie^ of smaller bene&otionsi Sir David founded several 
8olu>lar^p8 and eddowed a chair of civil engineering in the 
University of Edinbtirgh ; and he and Ids sisters, Hith wonted 
liberality, presented tiie town of Dundee with a public park, 
thirty-eight acres in extent, which cost ^850,000, including the 
ombellishments and an adequate endowment for its mainte- 
nance. Messrs. Baxter Brothers consume about 5,000 tons of 
flax annually, and are by far the largest manufacturers of that 
material in ihe world. In the spinning department of their 
works there are some 22,000 spindles, and in the weaving 
rooms there are about 1,200 power-looms, the motive power 
being supplied by twenty«two steam-engines, with an aggre> 
gate of 750 horse^pcrwer. From 4,000 to 4,500 persons are 
employed by this firm, which produces annually about 
20,000,000 yards of various descriptions of cloth, navy sail- 
cloth being the principal fabric they manufacture, and the 
British navy their principal customer. Excellent school-rooms 
fire connect with the works, to which all the employes have 
free admission, and a library is also at the service of the 
workers. The schools have been in existence for upwards of 
forty years, and the salaries of the master, mistress, and paid 
monitors, as well as every other expense, have been and con- 
tinue to be defrayed by the firm. 

Cox Brothers are ^e next most extensive manufacturing 
firm in Dundee, about 5,000 hands being employed at their 
works, which oocupy abont twenty aores of gronnd, and are 
situated at Loohee, a suburb of Dundee. The operations of 
this firm are oonf^ed solely to the manufacture of jute, of 
which they consume about 2,500 bales a week. 

Among other Dundee manufacturers may be mentioned 
J. and A. D. Gbdmond, G. Gilroy, Sons and Oo., Don Bros., 
Buist and Co., Thompson, Shepherd and Co., Maloolm, 
Ogilvie and Oo., Harry Walker and Sons, Gibson, Robertson 
and Oo.,. John Laing and Sons, Frank Sandeman and Co., 
Alexander Henderson, and Mr. O. G. Miller, who owns five 
mills, and employs 1,500 work-people. Abont ten mUes from 
Dundee, and dose to the village of Oamonstie, near the mouth 
of the Tay, are situated the works of Messrs. James Smieton 
and Sons, which for various reasons deserve notice. This finn 
employ only about 600 persons, but they have usually some 
eighty different kinds of doth in the looms at one time, and 
they manufacture some five hundred various patterns and 
fabrics out of flax, tow, and jute. The yearly tum-ont amounts 
to about 5,000,000 yai^, and consists prindpaily of ** drills,’* 

paddings,” and Bussian sheetings ’* for the United States, 
West Indies, and Mexico ; but “ oheoks *’ and ** stripes ’* are 
also made in great variety. It is not, however, for the variety 
of the fabrics that these works are most noteworthy, but for 
the institute which the proprietors built in 1864, at a cost of 
X2,000, and maintain at an annual outlay of j 6300, for the 
benefit of their work-people. This institute oomprises a fine 
hall, olass-rooms, library, reading-room, etc. ; and it has to be 
added that Messrs. Smioton and Sons have built about dghi^ 
dwelling-houses for the aooommodation of their employes. 

The progress of the port of Dundee has been as remarkable 
as the progress of her manufactures, and the population has 
inoreaa^ in a corresponding ratio. If we may trust Bobert 
Edward, minister of Murroes, who wrote a higUy panegyrical 
and rhetorical description of Dundee in 1678, at that date 
Dundee was a town of no mean oonsequenoe, and had fairly 
started on a oommerolal and industrial career. ** At Dundee,’* 
saya this divine, “ the harbour, by great labour and expense, 
has been rendered a very safe and agreeable station for 
vessels, and from this oironmstanoe the town has become the 
chief emporium not only of Angus, but of Perthshire. The 
oitiaens here (whose houses resemble palaoes) are so eminent in 
regard to their skiU and indnatiy , that they have got more rivals 
than equals in the kingdom.** But in 1821, nearly a oentuxy 
and a half later, the population of Dundee had grown only to 
80,575, and in 1815 there were but 157 vessels belonging to 
the port, registering in all 15,275 tons, while 66 vessels 
entei^ inwa^ wl& oargoes from foreign ports, having an 
aggregate of 10,620 ions register, and three vesimls cleared 
outwi^ds with oargoes for foreign countries. From the latter 
date Uie oommeroe and popnlation of Dundee have steadily 
increased, and are still rapi<^ augmenting. 


As a shipping port Dundee possesses a fine harbour with all 
the neoessary facilities for loading and disriiarging vessels. 
The re^ter^ tonnage of Dundee-owned vessel hi rapidly 
Inoreaeing, and the total tonnage on the Dundee register is at 
present omtieiderably more than double what it was a few 
years ago. 

In respect of the number of its inhabitants, Dundee is en- 
titled to rank as third of the towns of Scotland, its population 
in 1881 bring 140,239 — a total which has doubtless been oon- 
siderably augmented since then. The science sohools whioh 
have been established at Dundee have met with a good deri 
of enoonragement. 

Dundee is also the centre of the seal and whale fishing 
industry, and the number of vossols employed has steadily 
increase, affording employment to a large number of eailors. 

I Formerly tide enterprise was carried on by means of sailing 
vessels, but these of late years have been all abandoned, and 
the whaling fleet is now oomposed of fifteen steamers, with a 
nominal power of 1,048 horses, and only two sailing vessels. 

Shipbuilding forms an important industry in Dundee, the 
principal shipbuilding firms being Gourlay Bros, and Oo., Alex. 

I Stephen and Sons, W. B. Thomson, and Pearce Bros. Machine 
making, glove making, and the manufacture of marmalade and 
oonfeotions are comprised in the minor industries of the town. 

During the present century the trade of Dundee has passed 
through many vioissitudes, having been affected for good or for 
i evil by most of the groat political events that have ooourred 
' throughout the world. The Crimean war brought prosperity 
to the town, but the Amerioan war may be said to have flooded 
the town with wealth. Since that period extensive additions 
have been made to the factories, and mansions and villas have 
been built in profusion in the suburbs, and in the neighbour- 
ing villages on both sides of the Tay. The Town Oonnoil 
of Dundee oonsists of a provost, four bailliet, and sixteen 
oounoillors, who also act as Police Commissioners ; and for 
years this body has fairly reflected and given effect to the 
public-spirited enterprise of the oltizens. The interests of 
the staple trade of Dundee are sedulously watched by a 
Chamber of Commerce, whioh also oritioises and sometimes 
opposes projects started by the public boards, and in this 
way it occasionally renders an important service to the in- 
habitants at large, as well as to the manufacturers. Within 
a few years a free library has been established in Dundee ; the 
gas-works have been purohased for the community; and a 
splendid esplanade has been oonstrooted on the bank of the 
river. Dundee abounds in charitable institations, and con- 
tains a very hurge number of eoolesiastioal edifioes. The most 
notable of the former is the Morgan Hospital, a splendid 
bnilding, in the Scottish baronial style of arohiteotnre, whioh 
was erected and endowed with money bequeathed to the town 
by a native who made his fortune in India ; and by far the most 
oelebrated of the latter is the ancient tower of St. Maiy*8 
Cburoh, commonly oalled the “ Old Steeple,” whioh is said to 
be nearly eight hundred years old, but whioh more probably 
dates from the middle of the fourteenth century, as it is in the 
Decorated Gothic slyle, whioh appears to have been first in- 
troduced into Scotland during the reign of David II. Among 
other public buildings of Dundee, the Albert Institute de- 
serves mention. It originated in a desire to perpetuate the 
memory of the Prince after whom it has been named, by 
furthering the objects he had most at heart. The Free 
Library, a publio museum and picture gallery, are deposited 
iu this building. In 1831 the Government, at the request 
of the inhabitants, granted the town a resident sheriff-substi- 
tute, and the Dundee court has for many years been more 
important than tb^t of the county town. A large propcir- 
tion of the manufacturers of Dundee have raised ^emselves 
from the humbler ranks of industry, and there are few gentry 
and nobility oonneoted with the town and neighbourhood. 
Although the merohants and manufaotureis possess an elegant 
Exchange, the majority of them prefer to transact their busi- 
ness alfresco on the plain stones of the Cowgate, as their pre- 
decessors have done for generations. There are many Irish in 
Dundee, the majority of whom are Boman Oaiholios. The 
condition of the working people generally will compare favour- 
ably with that of any other manufaeturing town in Great 
Britain. Dundee is, in short, a fine speoiman of a thriving 
industrial town. 
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XVII. 

BOOFS (continued). 

Having the advantage of the ooK>peration of the heads of 
various Continental teohnioal schools, we are enabled to intro- 
duce several examples used in those institutions, some of which 
are well worthy of our careful study as well as imitation, and 


means of the tie-boain, whioh rests on oomls fixed on the lower 

I 'I'.VkA «m11 wIiImVi «• AltVAlrMI 

! principal weight of the roof is oarried down to tUs by means of 
I the struts, h h, and to these the ties, o o, are attached, whilst the 
cross-pieoea act as hammer-beams, being attached at their one 
^ end to the struts, and at the other to t)^ end of the principals, 
j The principals cannot thus spread outward, and as the hammer* 



from an of whioh most important instruction in useful methods 
of oottstmoting roofs may be derived. 

Pig. 159 is the transverse section of a Germon agricultural 
building, the lower part of whioh is used as a stable or oattle- 
shod, and the upper fiioor os a loft for storage of hay, grain in 
the sheaf, etc. 

It will be remembered that the great object to be constantly 
kept in view in designing a roof is that its weight must not 
press ou^ardy but dotontcord, and this object is best attained 
by earr^g the bearing as low down os posaible. 

In this example the walls are doubly tied together : first, by 


beams, i, rest on the wall-plate lb, on the upper edge of the 
wall, a second tie is secured. The principals are furtW confined 
at the top by a ooUar-boam, t», suspendi^ from the king-post, I, 
The tie-beam is supported on bridging-joists, whioh run parallel 
to the Uv^th of the bmlding, and are supported on po^, d d, 
the bearing of which is increased by the cross-pieces, /, shown 
hi Pig. 160, whioh is a portion of a longitudinal section, in 
which will idso be seen the method of giving additional support 
to the ridge-beam by the struts n, n. 

The floor- joists are shown at a a and the purlins at p in both 
sections. 
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Fig. 161 fhowB the method in whioh the ridge-tree is attached 
to the head of the king-post ; and Fig. 162 shows the joggle by 
whioh the ends of the p^oipals are inserted. 

Fig. 168 is a portion of a truss of a similar ehaiaoter drawn 
to a larger soale. As the trasses must necessarily be several 
feet apart, the purlins, whioh are, of course, of a smaller scant- 
ling, would be liable to sag. In Fig. 164, therefore, is shown 
the method adopted for giving support to their ends. This 


The longitudinal section (Fig. 160) should be projected from 
Fig. 159 by drawing horizontid Ixaes from the edges of the 
various members shown in the transverse section. 

Fig. 166 is the section of a roof in whioh, although the tie- 
beam rests on the top of the walls, still the weight is oarried 
downward to a much lower point. This is effected by means of 
perpendiculars, a (see enlarged view, Fig. 167), and stmts, a, 
whioh being double, clasp tie-beam, 6, between them, as 



method consists in the placing of additionid end-pieces. First, a 
longitudinal beam, h, is fixed at right angles to g, and therefore 
panrilel to the wall-plate. The end-pieces are precisely similar 
in character to the end of g, and are inserted hito h by means 
of a tusk-tenon wedged in. This is shown in a separate example 
in Fig. 165. 

As to the mode of drawing this example, the walls should, of 
course, be drawn first, then perpendioularB for centre-lines for 
the supporting columns, then the corbels and tie-beam. 

It will now be found convenient to draw the section of the 
wall-plates, the lower line of the principal rafters, the struts h, 
the hammer-beams, the king-post, collar-beam, floor-joists, and 
then to comidete the columns and draw the purlins, etc. 


shown in the enlarged section (Fig. 168), and carry the weight, 
not only of the principals, c, but of the common rafters, d (to 
whioh it will be seen &ey are also attached), down to a sto^ 
corbel built into the wall ; the king-post being also made double, 
clasps around both tie-beam and collar-beam, and the mutual 
support thus given admits of timber of smaller s c a ntlin g, and 
oonsequenriy of less weight, being used. Fig. 169 shows how 
the double wall-plates are connected by cross-pieces dovetailed 
into them. Ilie sketch also shows the intermediate end- 
pieces, /, and the manner in whioh they are secured by the 
longitudinal beam g. Fig. 170 is the elevation of the end of 
a tniss a similar character, and Fig. 171 is the upper end of 
a strut clasped by a collar-beam inserted into a principal. 
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The De Lorme sjetem of bxdldih^ np arched ribs hae been 
alluded to in Technical Drawing*’ — JX. (Vol. I., page 186), 
and it will be remembered that this coneieta in uniting tim- 
bers placed on their edges ; these timbers being in short lengths, 
each out out of the flat, so as to form a portion of the required 
ourre, the different lengths being united by what is called the 
**breaj£- joint.** 

This system has been used mbre or less over since its inven- 
tion. roof of the middle compartment of the building for- 
merly known as the Pantheon, Oxford Street, London, is con- 
structed on this principle ; but owing to the strength of the 
beams being so much dependent on the lateral cohesion of the 
fibre, the system has not been generally adopted in roofs, but 
has on the Continent been used in several large domes. The 
arch-beams of the original dome of the Halle au B14, at Paris, 
buUt by Bfessrs. Legrand and Molino, was of this character, but 
this having been destroyed by fire, has been replaced by an iron 
one. The span of the original dome at its base was 120 feet. 
The largest dome in Germany constructed on the De Lorme 
principle is that of the Catholic Church atjDarmstadt, a portion 
of one of the arch-beams of which is given in Fig. 172. These 
arched beamt« however, do not continuously span the entire well 
— the diameW of which is thirty- three and a half metres— but 
abut at the top against a ring, which is the base of the lantern, 
or skylight. 

The ribs s^e not all carried up the whole height, but are alter- 
nated by narrower ones, which reach about two-thirds of the 
length of the others, the main ribs being constructed of five 
thicknesses of timber at their lower half, and of three above 
the middle— the intermediate ribs consisting of three thick- 
only. 


ELECTRICAL ENGINEERING.— XIX. i 

BT inWABO A. O'KBXFrX, B.E., A.8.T.E., 

Demonstrator in Bleotrioal Engineering, City and QoUds of London ^ 
Teohnioal College, Finsbury. 

SPBCIITC EBSISTANCB-VAEIATION OP RESISTANCE WITH 
TEHFEBATURB-MATBBIALS USED FOB RESISTANCE 
OF RESISTANCE COILS. | 

All snbstanoes in Natnre oppose some resistance to the pas- 
sage of an eleotrio onrrent through them, the amount of that 
resistance depending upon a definite law which takes into con- 
sideration the length, sectional area, and character of the 
material through whi<^ the onrrent passes. This law may be 
expressed by saying that the reHsttmee varies directly as the 
length^ i/nvirss^f as the sectional area, and directly as the 
s^peeifiA resistance qf the materidlt or expressing it in symbols 


whore B = the resistance opposed to the passage of the current, 
I sz length of the substance, 

A = sectional area of the substance, 

8 == specific resistance of the substance. 

Different substances of exactly the same dimensions may 
oppose widely different resistances to the passage of a onrrent; 
but if the dimensions remaiu 'the same, any number of piooee of 
the same substanoe will always have the same resistance pro- 
vided the same conditions of temperature, structure, etc., are 
maintained constant in each case. It becomes clear, then, that 
every substanoe oppms a resistmioe to the passage of a cur- 
rent through it which depends only upon its nature. This 
property is called the speci/io reeistanee oi the substance. The 
foUowii^ table oontains the apeoifio resistances of a number of 
substances. It gives the resistanoe in microhms * of a piece 
of the material one' centimetre in length, and one centimetre in 
sectional area at 0^ Centigrade. The Kngliah units are also 
given 


* The prefix " micro*’ is largely used in eleotrioal nomendstare to 
denote the milUoath part of that which the word it Is prefixed to 
repreeeatsi thus a microhm is the millionth pert Of in ohm, a 
saiorof olt the roUUonth part of a vdt, eto. 


Tablb of Specific Rebxbtancbb of PoxtE Kiitals. 


Subetanoe. 


Resistanoe in microhms at CPC. 


For cubic 
oentiinetre. 


Feroobioinoh. 


Approximate 
hioreoiie of Be- 
sistano^per P* 
Cent. 


Silver, hard drawn . 

1*634 

Copper, hard drawn 

1*643 

Zinc, pressed . . 

5*626 

Platinum, annealed 

9*057 

Iron, annealed 

9*716 

Tin, pressed . . 

13*21 

Lead, pressed . . 

19*63 

German silver. . 

20*93 

Platinnm silver (1 of 


platinum to 2 of 


silver, by weight) 

24*39 

Meroory .... 

94*32 


*6433 

*00377 

*6433 

*00388 

2*216 

•00365 

3*565 


8*825 

005 

5*202 

•00366 

7*728 

•00887 

8*240 

*00044 

9*603 

•00031 

37*15 

•00072 


The third oolumn in the above table shows approximately 
the rate at which the resistance of the finbstance is increased 
as its temperature is raised. Each substanoe increases at a 
different rate, and even for the same substance the rate of in- 
crease is not the same at high m at low temperatores. The 
figures in the above table are taken from Dr. HatthicBsen’s 
Report to the Committee on Electrical Standards of the British 
Association in 1862-3, and they are correct at 20° Cent. , but 
as the temperature rises they increase except iu the case of 
merenry. The law connecting the resistance wt^n jibe increase 
of temperature is . . 

R zzril^at^bt*), 

where b = the resistance at the new tempoilMMiUire, 

r = the resistanoe at the original tempmtnre, 
t == the change in temperature, 
a and h are constants depending on the natnre of the 
material. 

Where extreme accuracy is not required, and where the 
range of temperature is not great, it may be assumed that the 
increase of resistance is proportional to the temperature, and 
the law simplifies into the following 

B = r (1 -f a f), 

where a is the figure given in the above table. 

In Eleotrioal Testing it is a matter of the first importance to 
possess a trustworthy set of resistanoes which shall not change 
appreciably with time or temperature, and which shall be in a 
fairly compact form. The metals are the snbstanoes almost 
universally employed for this purpose, and they are usually 
drawn into wires, wound on bobbins, and a convenient number 
of these bobbins is enclosed in boxes arranged in a suitable 
manner. The choice of the metal to be us^ is the first im- 
portant item to be considered in the oonstruotion of a resistance 
box. The older electricians used copper for this purpose. 
Reference to the above table shows that, excepting silver, cop- 
per has the lowest specific resistance of all the metals: in 
order therefore to oonstmot a coil of given resistanoe of copper, 
it wonld be necessary to use a longer wire than if any other 
metal were used, thus involving the expenditure of extra ma- 
terials, extra labour, and the production of a box larger and 
heavier than is necessary. Again, the resistanoe of copper 
varies more than most of the other metals with changes of tem- 
perature, and oonMquently unnecessarily large errors wonld be 
introduce by using copper coils. Clearly then the best metal 
to use is that whose redstance changes least with temperatuxe 
variations, and which has a high specific resistanoe. The ob- 
jects which may be thus attained are a saving ef materials, a 
saving of labour in winding, a lighter and more compact 
and a set of coils whose variation of resistanoe with obaogss of 
temperature is the least possible. It will be seen that the alloys 
seem specially adapted for this purpose. Of the twoalloyi 
above mentioiied, platinum sUrer is Ihe better, but exoSpt when 
an accurate standard coil is required^ it is too expensive to be 
UMd in the coils made for ordinary commercial work. German 
silver ie the metal now slaaost u^versil^ emp^yed in ordinary 
resistance bmms. 
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The top ot the oomm^oial form of one of theie boxes con- 
etnioted for the purpose of meMnring reslstanoes and oon- 
neoted up for that pnrposei is illostrated in Fig. 42. 

This box is made of wo^ with an ebonite top, on which a 
number of brass blocks (seen in plan in the diagn^ are drmly 



Fig. 42<— THC WR1AT8TOKB BRIDOB. 


fastened. There ore six coils iu the upper arm of the box, 
whose values are 1,000, 100, 10, 10, 100, and 1,000 ohms re- 
spectively. The remainder of the box contains sixteen coils, 
whose values are 1, 2, 2j 5, 10, 10, 20, 50, 100, 100, 200, 500, 
1,000, 1,000, 2,000 and 5,000 ohms, thus giving a complete 
range from 1 to 10^00 ohma The box in this form is known 
as the ordinary Wheatstone Bridge. The arrangement of the 
coils oan bo best seen in Fig. 43. 



Fig. 43.^-int£:biou oir besistance box. 


x B is the edge of the ebonite top of the box. and c*, 

are three of the brass Mocks which arc screwed on to the 
ebonite. The ends of these blocks are narrowed and nnderont, 
as seen in the diagram, for the double purpose of allowing a 
larger insulating surface between them, and allowing that sur- 
face to be more easily cleaned by passing a rag or a camel-hair 
brash over it. Any aocnmnlation of dust, or moisture collected 
on this surface, forma a aemi-oonduotiug 01m, and allows a 
certain amount of surface leakage to take place between the 
blocks, which are intended to be thoroughly insulated from 
one another, and are brass plugs with ebonite tops 
into which they are screwed and pinned to prevent the possi- 
bility of their subsequently becoming loose. The lower portion 
of the plug is slightly conical, so tlmt with a slight screwing 
motion it can be inserted beWeen the blocks so as to make a 
0rm oontact (p^ is shown in this position). To the lower sur- 
face of each block is attached ^o stout brass wires, w ww, 
which project into the box, and to whiek are attached the re- 
sistanoa coils. B and B are bobbins either of ebonite, or of 
boxwood which has been thoroughly soaked in melted paraffin 
wax, and whioh are. kept in their present positions by brass 
eoios which are fastened in the ebonite top, R x. Upon these 


bobbins are wound donble silk-oovored Qermaa-silver wire coils 
of the nqpired resistance. One preoaution most be taken in 
the winding of these coils. If the wire were wonnd in the 
ordinary way, the ooil would act as a lit^ eleotro-magnet when 
a enrrent was sent through it, and if a large namber of these 
little Meotro-magnets were working (as would be the case when 
the resistanoe box was in use), their offeot on a sensitive galvano- 
meter plaoed in their vicinity might be snffioient to render 
it nseim for any kind of delicate work. The wire before 
being wonnd on the bobbin shonld bo bent donble, and then 
twisted round the bobbin as shown in Fig. 43, ws. The cur- 
rent then whioh 0ows down one portion of the wire, returns 
through a portion whioh is quite close to the 0rst, and as the 
currents are thus dewing in opposite directions in every posi- 
tion of the ooil, their magnetic effects praotioally nentnlise 
each other. The ooil should then be thoronghly oovei^ in 
with paper whioh has been thoroughly soaked in paraffin wax. 
The ends of the ooil are now soldered, as shown in Fig. 43, to 
the brass wires. This soldering should be done with resin ; on 
no account should spirits of salts be used in doing any solder- 
ing in a resistance box, as if any trace of acid is allowed to 
remain, a little voltaic cell will be formed, which will render 
the box nselees for any kind of aoonrate work, and may ulti- 
mately result in the destruction of the joint itself. 

The working of the box is obvions from Fig. 43. As there 
shown, a current entering at M would be obliged to .pass 
through ooil w^, in order to roach o’, from whence it would pass 
directly to through the plug p^, whioh makes contact be- 
tween those blocks. In any box, therefore, the enrrent is 
obliged to pass through as many of the ooils as there are pings 
corresponding to those ooils withdrawn from the holes, without 
passing through any of those whioh are shorfc-oironited like w’ 
by the inserted plug. 

Fig. 44 shows the form in whioh a standard ooil is usually 
oonstmoted. The ooil itself is contained in a oylindrioal 
metallio vessel, b, and its ends are connected to the bent dopper 



Fig. 44. — BX8IBTANCB OOIL. 


rods, w w. The ends of these rods, a a, dip into meroury oups 
to make oonneotion. The ooil is shown immersed in water 
oontained in the vessel, V v, while a thermometer, t, shows its 
true tempMatnre. For some distance above B the rods, w w, 
are enclosed in ebonite inside the brass tabes, t t, to peevent 
ikke ooil from being short-cirouited by the water. 
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TEOHKICAL DBAWING.— XXXV. aind roller, ud ao tanis loimd the oun, and with it th* 

■WHITWOETH’S IMNCH LETHE— (oontinmd). “““ and orank. TUa plan from the fly-wheel, 

Fio. 847.-Tho movable headatook and part of bed. i “““”5 “ “ “ ^ ”1?”? 

Kf. 848.-An end elevation of the ^iLmooV, referred ' ^ J'T* « 

i-m+ utawBwuH-, ttsiwflTou ^ Aj-wlieeL It 18 ftlso muoh lighter 

to in tne last lesso . ^ ifly-wheel, therefore more suitable for ships ; arid indeed 

WBOUOHT.IBOK BOx-oiRDEB. it aaswers the purpose of a second eagiiie iritii a oraak set at 

Fig. 349 shows a side elevation and Fig. 850 a section of a right angles to the oae shown. Although both a fly-wheel and 


girder, snob as is used for supporting walls 
for buildings. It consists oMefly of four 
plates and pieoes of angle iron, that are 
riveted toge^er, forming a very stoong box- 
shaped girder or beam. The plates are out 
into proper form by shears, in a shearing 
and punching machine, and holes are 
punched for ^e rivets. In their original 
form rivets have one head, and when red- 
hot are put into the holes that have been 
pouched. A heavy piece of iron, teohni- 
oally called a ** dolly,’’ is held against the 
head, while the projecting end is hammered 
over, and by means of a die made into 
anotiier head. As the rivet cools, it con- 
tracts, and so draws the plates very dosely 
together. 

This plan is universally adopted for 
fastening together the plates for boilers, 
wrought-iron bridges, roofs, etc., and has 
the merit of extreme simplicity, combined 
with durability and strength. 

VSBTXCiLL STBiiK-XNQlKB WITH OTLIN- 
DBB IKVSBTXD (Fig. 851). 

In oases where ground-space is valuable 
this form of the 
steam-engine is 
sometimes em- 
ployed, as it 

takes up less / / r 

room than that tL / / /y 

occupied by ' / / // 

the horisontiU / / // ! 

or beam engine; / / /A / 

but it is used / // rN^/ 

mostfrequently / / 

for marine pur- 
poses. The cy- 
linder, A, is I I If / 

above, and j Ij J 

steam pressure I j j j f 

upon the piston I I * 1 1 | 

inside it pro- 
duces a reci- 



oam arrangement art shown in the draw- 
ing, only one of them is really necessary, 
and this drawing forms an exan^ of alter- 
native designs, where two sepwwte or dis- 
tinot arrangements may be proposed by 
the designer. In these oases it is nsnal 
to make one drawing with Ink of a dif- 
ferent oolonr, stmh as showing the fly- 
wheel in crimson lake or Fmsaian Une. 

ooLonniwa dbawikos. 

The method of oolouring drawinga hof 
already been given, and it is only therefore 
necessary to specify the Colonrs used by 
most engineers to represent the various 
substances : — 

Cast irotif in plan and elevation, — ^Neu- 
tral tint or Payne’s grey. A good neutral 
tint may be composed of indigo and Indian 
ink m equal parts witt a Uttle lake. 

Cast i/ron in section . — The same used 
lighter. The surface should be coloured 
before the seotion-Unes are dbrawn on it, to 
avoid the Indian ink being washed up. 

Wrought iron in plan and elevation . — 
Indigo. 

Wrought iron 

'NTN. 4n section. — 


section-lines. 

Steel 

indigo tinged 
with lake. 

Bross.-Gam- 
boge, or Boman 



done l^ore the 
gamboge is ap- 
plied. 


proeating mo- 
tion, which, by 
means of the 
connecting-rod, 
B, is oommuni- 
oated to a 
orank, o, below, 
and thereby 
converted into 
rotation. At 
the point shown 
the orank is on 
the top of its 
stroke, and as 
pressure now 



indigo tinged 
with Indian ink. 

Brickwork in 
plans and sec- 
tions. — ^Lake. 

Brickwork in 
elevations . — 
Lake mixed 
with burnt 
sienna or Vene- 
tian red. 

Ook or Teak. 
— V a n dyke 
browu^ 


acts in a straight line between the piston and shaft, D, no 
motion can take place until the crank has moved sideways a 
little. When <moe past this point (called the dead centre) the 
enginc-dliaft will turn round, and the mmnentum of the fly* 
wheel, X, preventa its ever standing fast upon '&e dead centres. 
Another plan, recently invented by lify. A. Eigg of Chester, and 
Mr. W. Maogeorge of London, for accomplish^ this object, is 
shown in the lower part of the drawing. It oomdsts of a cam, 
F, keyed upon the main shaft, d, and a roller, o, carried in 
bearings upon a plunger, xt, which has steam pressing under- 
neatii it. As shown in the drawing, the steam foroes up the 


lAghter woods — such as fir . — ^Raw sienna. 

Qranite . — Pale Indian ink. 

Stone generally . — ^Yellow ochre or pale sepia. 

Leather . — ^Vandyke brown. 

Concrete works . — Sepia with darker markings. 

Ctoy or Barth . — ^Bumt umber or Vandyke brown. 

State.— Indigo and lake. 

In colouring drawings the student should always bear in 
mind that if any depth of tint is desired, it can only be attained 
by laying on a suooeesion of washes until the deidred thxt hsx 
been pnAuoed. 
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THil TBOH3NlOAIi BDUOATOE. 


irOTABLE INVENTIONS AND INVENTORS. 

XIHr-THB BILK HANUFAOTUBS AKL JOHH LOMBE. 

BT JOHN TXXBS. 

It is a onrkmi faot that all those animals which are most useful 
to man are likewise most manageable. There is scarcely a 
oaterpillar which is so easily reared as that of the silkworm. 

China was, undoubtedly, the country in which men first 
availed tbemselres of the labours of the silkworm. Seria (the 
country of the Seres, whence the rearing of silkworms is called 
sericiiXture) was a name by which the Macedonian Greeks 
designated the country which produced the silk that came over- 
land ^m the north of China. Still, there are reasons for 
inferring that the culture of the silkworm and the manufacture 
of silk had not been introduced into India four hundred years 
after silk was known in Europe. Both the raw material and 
the manufactured article were obtained in the country of the 
Thinm. The Median robes spoken of by the Greek writers of 
the period of the Persian empire, and extolled for their lustrous 
beanty and brilliancy, were no doubt silken vestments, and long 
afterwards, when they had been introduced into Europe, they 
were called silken. Aristotle is the first Greek author that 
mentions the silkworm ; and he states that the silk was first 
sp^ in the island of ^s, but the raw material was still an 
<Men^ product. Pliny states that the silk came from 
Assyria, and was worked up by the Greek women.* It is 
probable that silk was in use among the Greeks long before 
they knew whence the fubstonoe came, or in what manner it 
was produced. Vi^ supposed that the Seres carded the silk 
from leaves ; and Dionysius Periegetes also supposed it to be a 
vegetable product. Thus, he says : — 

** Nor ’flocks nor herds the distant Sexes tend ; 

But from the flow’rs that in the desert bloom, 

Tinctur’d with rarying hues, they cull 
The glossy down, and card it for the loom.’* 

Pausanias roys : “ The Sores have a spinning insect, which is 
kept in buildings, and produces a fine-spun thread, which is 
wrapped about its feet.” It was not until the sixth century 
that the obscurity which enveloped the subject was cleared up. 
At this time silk was in general use among the Eomans, and 
was manufactured for them by the inhabitants of Tyre and 
Berytus, in PhcBmcia. The Persians monopolised the supply 
of the raw material, and guarded their trade both by sea and 
land, so that travellers from or to China were not allowed to 
traverse the Persian dominions ; and in the time of Justinian 
the importation of silk was entirely stopped. The trade in 
silk was in this unsatisfactory state when two Nestorian 
monks of Persia, who had travelled to China, there saw the 
common silken dress of the Chinese, and the myriads of silk- 
worms on trees and in houses, from which it was obtained. 
On their return to the West they acquainted Justinian with the 
mode of producing silk, and undertook to return and bring 
b^k with them some of the eggs of the silkworm. This they 
did, and a quantity of eggs concealed in a hollow cane were 
brought in safety to Constantinople, and there hatched by the 
heat of a dunghill, and fed with mulberry-leaves. These worms 
in due time spun their silk, and propagated, under the careful 
attendance of the monks, who also instruotod the Bonuuis in 
the whole process of manufacturing silk. 

ITie breeding of silkworms in Europe was for six centuries 
confined to the Greeks of the liower Empire. In the twelfth 


• Pliny, whose Judgment and disoriminatiou as a compiler ore not 
greatly to be relied upon, reports that the homhyx (or silkworm) is a 
native of Cos, an island in the Mediterranean archipelago. It is 
known that silk was manufactured there at a very early period j but 
Artistotle had previously explained that botnbyXria, or the stuff pro- 
duced from the homhyx, was re-grown, or re-woven by the women of 
the above island. The inventress of this prooess was Pomphilia; she 
nnwove the prevlons material to re-oomposa It in her loom into fabrics 
of a more extended texture j thus oonverting the substantial silks of 
the Seres into thin transparent gauzes, obtaining in measure what was 
Iwt in snbstance. Attempts have been made to rob the inventress of 
ml the merit bsAoiiglng to the prooess by Identifying the homhykia with 
the r aw material, whioh it is said Pamphilia and hw nymphs proonred 
frm Seres, and thus spun or wove into «moa or silk. But the fact 

of r^weaving rests upon too good authority to be doubted Encyrio- 

jMPdia Pritaaniss. 


century the art was transferred to Sicily; in the thirteenth 
century the rearing of silkworms and the mauufaotin*e of silk 
were introduced into Italy, and thence snooessively into Spain t 
and France ; and in the fifteenth oentoxy the manufacture was 
established in England. 

Of all fabries, ihat which may be called most l^istorioal and 
of greatest interest to the artist and antiquary is, undoubtedly, 
silk. Though loss early known aasd manufactured, its beauty 
is so great and its capacity for fine fabrics so obvious that it 
has b^me associated wilh the oeremonies, splendours, and 
events of all times — modem times, at least. This costly 
material, as we have seen, oame late to the Bomans. From 
that time it became the material for ceremonial dresses, reli- 
gious and civil ; and on all important oooasionB, down to the 
costly displays of modem coronationB and great Church cere- 
monies, silk, in the form of tossues, velvets, satins, and the like, 
has been always in use. The early home of silk, however, has 
been in the Ei^ ; and wonderful fabrios are still made in India 
and Syria with silk mixed with gold threads, beetles’ wings, and 
other decorative substanoes. 

It was not nntil the reign of Francis I. that the silk manu- 
facture took root in France. At this date Henry Vlll. oould only 
obtain a pair of silk stookingB from Spain ; and the manufacture 
in England did not make much progress until 1585, when many 
of the silk manufacturers from Antwerp fled to England from 
the perseoutionB of the Duke of Parma, then governor of the 
Spanish Netherlands. James I. was very solicitous to promote 
the breeding and rearing of silkworms in England, and had 
great numbers of mulberry-trees planted for the purpose ; the 
northern side of the site of Buokingham Palace was a portion of 
the mulberry garden planted by King Jamos. The experiment 
was not snocessful, in consequence of our climate being unsuited 
to the silkworm. James also enoouraged the introduotion of 
tbe silkworm into the English settlements in America. Near 
the oloBO of his reign, James enoouraged a London merchant to 
bring from the continent of Europe silk-throwsters, silk-dyers, 
and broad-weavers ; and a beginning was made in the manufac- 
ture of raw silk into broad silk fabrios, which increased so 
rapidly that in 1629 the Silk Throwsters of London were in- 
corporated, and the trade had its dye called ** London black. ” 
In 1661 this company employed above 40,000 men, women, and 
children. The revocation of the Edict of Nantes by Louis XI'V., 
in 1685, compelled ” poor Protestant strangers, Walloons and 
French,” manufacturers and artificers, to emigrate from Franco 
in great numbers ; when nearly 50,000 took refuge in England, 
and established suoh seats of silk manufacture as that of Spital- 
fiolds, of the highest style of art and ingenuity of fabric then 
known, introducing the weaving of lustrings, alamodes, 
brocades, satins, paduasoys, ducapes, and black velvets. And in 
1713 it was stated that silks, gold and silver stuffs, and ribbons, 
wore made here as good as those of French fal^o, and that 
black silk for hoods and scarves was annually worth ^300,000. 
Thus Louis XlV.’Sent thousands of the most industrious of his 
subjects into this country, to present his bitterest enemies with 
the arts and manufactures of his kingdom. Tapestries and 
hangings for rooms were manufactured in Spitalfields even 
before the settlement of rofugoes in that district. In tbe above 
year the petition of the Weavers' Company to Parliament, at 
the Peaoe of Utrecht, against tho commercial treaty with France, 
represented the silk manufacture as twenty times greater in 
amount than it had been in 1664 ; and that it had caused a great 
exportation of woollen and other manufactured goods to Turkey 
and Italy, whence the raw silk hod been imported. 

In the early port of the eighteenth century the Italians ex- 
clusively possessed the art of spinning, or, as it is technically 
called, throwing silk ; and the British weaver had to import 
thrown silk at an exorbitant price. In 1702 a Mr. Crotchet 
had attempted to establish the silk-throwing trade in a small 


t The rich and heautifal brocades which adorn some of tbe Spanish 
rojal palaces, and of wbidh the oolonrs are as fresh as if lately 
woven, were made many of them a hundred years ago, in Spanish 
looms. Looms and factories were broken up and demolished during 
the Peninsular War, and have never sinoe been re-construoted or re- 
built, That war caused, in fact, tbe total snnibilatiou of the silk 
trade in Spain— Cor tbe little woven in Valencia is scarce worthy of 
the name— and was the oanse of much improvement in French manu- 
facture. 
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ntm w^cdi he hwlt lM»j ; biit from 4efeoiB in hie moohineiy 
ho was eopn pompeUed to abap^n the project. In 1715».John 
Lomhe, whojMt name will oTer be remember^ with Teneraticm in 
oonneotto with the eiljt: trade, Tieited Italy to aoqmre a know- 
ledge of its prooees, with the view of intr^noing It into £ng- 
lanl Pn reaohing Italy* he found the Itallana gnarded thoir 
eeicq^t. with Piedmont, finding that ho 

could not ezmnine the eilk xnaohinery mid ite process^ he 
bribed some of workpeople ; and, by their oonniyanoe, in the 
disuse, of a eonunon workman, he made several visits to the 
mi^i and ea<di time oarefuUy noted down whatever ho paw, and 
made sketohes of parte of the machinery, so aa to perfect him- 
self in the operation of throwing. His stratagem was discovered, 
and ho was obliged to fly with the utmost precipitancy, bringing 
with him, however, his notes, sketches, and portion;^ of the 
machinery, , and, better atill, a mind which had grasped and 
comprehended ^e whole process. He fled to avoid aasaasi^ 
t^, and took tefnge on board ship ; and returned to Ens^d 
with a full, knowledge of the art he had run such imminent 
to aoqidrn* ; He was aooompanied in his flight by two Xta^n 
workmen whom he had bribed, and who risked their lives In his 
projeot. 

MINING AND QUARRYING.— V. 

BT OXOBOB CILABBTONB, F.O.8. 

COAL. 

yXNTtliATION — mnC-DAlTP — CHOKB-DAMP — DAVY UUCP- 
BLIND PITS — THB pit’s mouth — 8PONTANBOUS COM- 
BUSTION. 

When there are two shafts to a colliery, the one nearest to the 
dip-head will be the downcast, and that towards the crop ^e 
upcast, as the air will natnndly tend in that direction inde- 
pendently of any ariifioiid arrangements. The air in coal 
mines is liable to be contaminated with two different gases, 
known by the miners aa fljro-damp and choke-damp, the former 
consisting of carburotted hydrogen, and the latter of carbonic 
acid. The fire-damp is much lighter than common air, and 
when mixed with it in the proportion of 1 of gas to 10 of air, 
it forms a highly explosive compound j the oarbonio acid is, on ' 
the contrary, heavier than the air, and will extinguish fire, 
but in breathing it insensibility ensues, and ultimately death. 
The fire-damp, however, is the principal source of danger. Some 
seams are very full of it. In the low main of the Newcastle 
fields, for instance, a miner has been known to oomo upon a 
blower giving off 6,000 oubio feet of gas per minute, and those 
sometimes oontinue without diminution for months. The fire- 
damp will not explode if the air is in the proportion of 14 or 
more to 1 of gas, so that it becomes a matter of calculation as 
to the rate at which the fresh air should be made to oiroulate 
through the mine. It is not found convenient by the pitmen if 
the onrrent of air in the workings exceeds d|- feet per 
second, but in the main intake oQurses it may be increased to 
four or five feet per second, while owing to the expansion of 
the air with the increased temperature, and the escape of' gases 
throughout the mine, the velocity in the return main wffl be 
very much greater. 

In describing the underground plan of a mine a furhaoe at 
the bottom of the upoast shaft has been spoken of.’ It may, 
however, appear curious that a large fire should bb kept burn- 
ing in a coal mine at the very part towards which tho e^lpsive 
gases are driven. Eumaoes at the top of the shaft, witb jk very 
tall chimney to inqrease the draught, have been suggested 
instead, but the other arrangement is more effective. 1^ col- 
lieries where there is any reason to fear an exeesalve quantity 
of gas, the return axr-oourse is not allowed to pass immediately 
over the furnace, but is carried by a dumb dtifl, At aa BboTm 
in the diagram (Fig. 10) on the next page, into de upoast shmt, 
B, at some little distance above the fumaoe, the fire in which is 
fed vriik fresh air brought in by the sir-oourae, o. 

How effective the ventilation is may be judged from the 
following observations made at Shireoa^ Colliery, 1,530 feet 
deep. The temperature of the intake air at the bottom of the 
shaft was OS** F^renheit, and that of the return air 69^ ; while 
in a goaf twen^-one feet from the air-ourrent the heat was 72^, 
and in a ^pse heading 240 feet from the ^pourse it was equal 
to 86^. This last is considerably above what it should be, 


oomddsring the depth of the ooUiexy* but it mdiibits the cooling 
effect of the air-current all the mors oohspicuously. 

In Bosebri^ ColUery, 'VVXgan, vrhsre4wo seams sre worked, 
the one 900 and ihe other 1,800 feet deep, the respective tem- 
peratures of the intake and return air at both leycls were Men 
on the 4th of September, 1860, together with the strength of the 
air-currents and the length of oonrse ^travelled by them. The 
temperature of ^e air in the shade at the snriaoe wm on that 
day 66®, which is above the mean of the year in this cUmate. 
That of the intake air at the bottom of the shaft in the upper 
level was 59}®, and in the lower level 601® ; traymrsing 
1,000 yards in the former and 1,500 yards in the latter the tem- 
peratures were 64® and 73®, the supply of air to the two kvels 
being respectively at the rate of 35 and 81f oubio feet per 
minute. Aooording to our previous estimate, the temperature of 
the lower level, due to the depth, should be about 81®, showing 
a reduction caused by the draught of 8®, although, on this.ooca- 
sion, the fresh air poured in was itself comparatively warm. 
This reduction of the temperature by ventilation has, by the 
way, been taken into oonsideration in fixing the limit of coal- 
mining at about 4,000 feet. 

The length of the air-ooursee in some of the old collieries in 
the north of England is enormous — even thirty or forty miles — 
BO that the air introduced from above will perhaps be ten or 
twelve hours before it makes its exit. 

In order to diminish as much as possible the risk of explosions, 
tho lamp invented by Sir Humphry Davy, and which bears his 
name, ia very commonly adopted, though not to the extent 
it ought to be, as the pitmen nse naked oandles wherever 
possible, because they give more light. It was found by 
experiment that fine iron gauze will not allow fire to pass 
through. The Davy lamp, of which Fig. 11 is a drawing, is 
therefore made quite air-tight below, while the sides and 
top are made of a sheet of iron gauze, through which the air 
required for combustion passes. The oil lamp in the centre is 
trimmed and lighted before starting, and the gauze cylinder 
screwed down tight. A is the reoeptaole for the oil, which is 
poured in at B, upon which a close-fitting cap is then screwed, 
o is a metal rod witli a claw at the inner end, passing through 
the oil chamber by an air-tight pipe into the lamp, which is used 
for trimming the wick, when in the mine, without unscrewing 
the gauze cover. A gauze oontaining twoniy wires per linear 
inch will be sufficiently fine for the purpose, though they have 
often been made much closer. On passing into a gallery where 
fire-damp prevails, the gas, passing through the meshes of the 
gauze, will make the lamp bum with increased brUliance ; and 
if the gas is present in any quantity the whole inner surface of 
the gauze will be covered with a pals blue flame, but it will not 
oommunioate with the outside. If the fire-damp should be so 
abundant as to constitute a third of the volume of the air, it is 
no longer combustible, and the lamp will go out altogether. 
This will tell the miner that the atmosphere is no longer fit to 
breathe. Notwithstanding all precautions, however, the number 
of accidents is still very large ; they are due to a wide variety 
of causes, many of which are doubtless preventible. 

Some machines have been invented for outting the coal, and 
in the face of the many fatal aoddents and explosions, it will 
be admitted that every applionoe which will reduce the manual 
labour should be hailed as a boon. A variety of patents have 
been taken out for tliis purpose, and in some mines they have 
been snooessfally used. 

When the coal is got — that is, broken down from the seam — it 
is put into baskets or trucks, and conveyed to the main gal- 
leries, whidh are usually laid with trams, where ponies are fre- 
quently emt>loyed in drawing tho trains of laden truoks to the 
pit bottom. Unlike tho pitmen, who always return to their 
houses above ground as soon as their day’s work is done, these 
.ponies live below, stables being built for them near the bottom 
of the downcast shsj^, so as to afford them as much fresh air as 
possible. 

At the bottom of the shaft the coal is transferred to tho 
square tubs, which are made to fit the shaft and run in grooves ; 
when a signal is given to the ongineman above, they ere rapidly 
drawn to tho surface. Tho pitmen ascend and desoend in the 
same tubs, but when any of these are coming up, a diffe^nt 
signal Is given. Iron wire rope is now generally used for hauling, 
though in some cases flat hempen ropes are employed. Tho 
rope is generally wound round a large drum, and is often ao 
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Fig. 11. 


armngod that one operation of the engine xaieoB the tab in one 
aegment of the ehiit, and lowers the empty one at the tame 
time in the other, a dial and eelf-regietering apparatne the 
engineman oan tell exactly when the tubs have reached the 
deidred leyel) a point which it is importiuit he should know 
when two or more seams are worked from the same shaft. 

If the seam, or any part of it, should have a 
considerable dip, an indined plane worked by a 
windlass is substitated for poxiies in the main gal- 
lories. 

Hpre than one seam of coal is often worked from 
the same shaft In doing this the distance between 
the seams, and the strength of the intorvening 
rook, haye to be considered. If a lower seam is 
worked first, the extent of the operations should 
be limited so as not to disturb the overlying beds ; 
and where there is any risk of this the upper seams 
ought to be exhaust^ first. A mine may, how- 
ever, be well opened up, leaving large pillars to 
support the roof while the upper seam is being 
worked out. For this purpose Hind pits are very 
often oonstruoted. They are small shafts, sunk at 
any convenient part of the workings from one 
level to another, without being carried up to the 
surface. 

The principal shaft cannot always be sunk at the 
dip, as there might be a village, or a river, or even 
the sea in the way. In sud^ cases the drainage 
water and also the coal as it is wrought will have 
to be brought uphill to the pit bottom. If the 
under dip workings are to be carried to any con- 
siderable extent, a small high-pressnre engine is 
generally erected at the bottom of the shaft, which 
pumps ^e water up to that level, and also draws 
up the loaded tracks to the same point. 

We must now return to the surface. The pit- 
men, when their day’s work is over (the work pro- 
ceeding night and day by relays of men), are rapidly 
drawn up in the empty coal buckets, which at 
other times would be fill^ with coal. Hero, at the 
pit's month, is a large establishment — the pumping- 
engine, which, in a mine that has been e^^nsively 
opened out, will be kept going constantly ; and the 
winding-engine, connect^ with the large drum 
round which the iron-wire rope is coiled, and which 
is the sole means of communicating with those 
below. In addition to this machinery is the stage 
0^ bank, to which the coal buckets are transferred 
on arriving at the top, and whence the coal is 
emptied out into the wagons below, passing over 
the screens on its way. The banksmen receive 
the tubs on their arriving at the bank, and tip 
them up over the screens, which are placed on a 
slope, having transverse meshes not less than fivo- 
eightiui of an inch wide, all 
that passes over such a screen 
being ranked as large cool. 

In separating the sm^ from 
the nuts, screens of three- 
eighths mesh are used. A line 
of railway runs just below 
the lower end of the soreeus, 
and the empty wagons are so 
placed that the large coal 
passes into them at once. 

When a sufficient number of 
wagons are filled, they are 
sent off to the main line of 
railway or port of shipment. 

At the screens boys are em- 
ployed to watch for any brasses or pieces of slate, which they 
pick out and throw on one side, such being injurious to the 
commercial value of the coal. In the large collieries of the 
north of England the shipping arrangements at the sea-port 
form a part of the establishment On arriving at the wharf, 
or straith, the bolts which secure the bottoms of ^e coal- wagons 
are drawn, and the contents pass through and down a shoot 
into the ship or barge which lies floating below. 



The director-in-ohief of the mining operations is called a 
viewer, who has his house and offices near the pit’s mouth ; 
the under-viewers have to see that all is going on properly 
below. The fitter has under his clnurge the i^pment and sale 
of the coals. 

Even when the coal is shipped tiie risk of explosions is 
not altogether over. The time being f^quently 
very short between the working of the ooal 
and its being put on board ship, the gas in the 
lumps of coed has not had time to escape, and if 
the hatches of the vessel are dosed down as soon 
as the ooal is on board, the gas given off, being 
much lighter than air, will ooUeot imme^tely 
under the deck, and find its way out through some 
little chink between the boards. H this should 
happen to lead into the cabin, a person going in 
after nightfall with a naked light would probably 
be the sufferer by an explosion of sufficient force 
to blow up all the deck of the vessel. In some 
ports regi^tions are made prohibiting the closing 
of the hatchways for a certain numW of hours, 
in order to allow of the free escape of the gas. 
There need be no fear of such a disaster after the 
first day. 

Coal is, however, liable to spontaneous combus- 
tion. This is generally occasioned by the presence 
of pyrites or sulphide of iron, which decomposes 
with the action of the air, and in decomposing 
evolves a great deal of heat, sufficient often to set 
the ooal on fire. Coal oontaining a good deal of 
small, especially if it be rather wot, is the most 
liable to this risk. If such a result is feared, the 
best thing to be done is to tom it over and spread 
it out as much as possible, so as to let the heat 
diffuse into the air. 

In the foregoing descriptions we have, for the 
sake of avoiding confusion, tdken as our model one 
of the large collieries such as are to be found in 
the Newcastle coal-field, except where special men- 
tion has been made to the contrary. Cosl-minos, 
however, vary greatly in different parti of the 
country ; many of them are very small, and the 
whole arrangement of them is muoh simpler. In 
short, there is every grade, from the open working 
near Dudley, to the deep and elaborately organised 
mine. In those x>ari» where the coal seams lie 
close to the surface, and the sinking of a shaft is 
not a serious matter, the shafts are very nume- 
rous; and os active operations are transferred 
from one centre to another, the hauling-engine 
is connected with the new shaft by carrying the 
rope over a series of wheels, fixed at intervals at 
sOme elevation above the ground gwril it reaches 
the pit’s mouth. In such districts as riiese, 
when a fault is reached the 
work in that pit would be 
terminated, and a fresh one 
commenced on the other side 
of the fault; whereas in a 
deep mine, if the throw is 
not very great, a drift would 
be made tl^ough the rook on 
an incline, and if necessary 
a blind pit made until the 
seam is out on the further 
side of the fault, when the 
workings would continue to 
bo carried on from the same 
centre as before. 

Occasionally the seams are 
tilted up so very much that the pitman stan^ upon the coal, 
and has the roof and floor of the bed as walls on the right 
and left. The shaft is then generally sunk in the seam, 
and the ooal is worked out by running galleries at different 
levels along the course of the seam. Some interesting speci- 
mens of tl^ mode of working ooonr in the neighbourhood 
d Edinburgh, where the poiH^ of the beds is veiy mndh 
disturbed. 
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PRACTICAL APPLICATION OF THE FINE 
ARTS.-~II. 

THE ART OF OLA8$>PAINTIXO. 

Ejr P. H. DsLAitOfxt, Profenor of Drawing, King's CdUsgs, London. 

DESIGN. 

PCTBStriNG the plan that we have laid ont, we will first describe 
the style of designs suited for a painted window — not that the 
man beginning, without previous experienoe in the art, to paint 
glass will usually be troubled in hia early attempts about a 
design ; if he be wise, he will take some design ready to his 
hand, ^ther suggested by a bit of old glass or copied from 
a drawing in some of the numerous works which give speci- 
mens of work, both ancient and modem, already in existence. 
Nevertheless, it is advisable oven for the workman who not only 
does not design his own pattern, but never intends to do so, to 
have some general notions about the character of the drawing 
be proposes to use. 

Transparency. — ^The first point to be kept in mind is that 
the material employed is transparent, and thus diff’ers essen- 
tially from the substance of an ordinary picture. This gives 
the artist a range of colouring, and 
of light and ehi^e, which is denied 
to the painter of pictures. At the 
same time, as glass is necessarily 
transparent, it will not do to have 
any portion so dork that it would 
be entirely devoid of transparency. 

In fact, the amount of light to be 
transmitted through the window is 
a very imi>ortant consideration. If 
the building possesses but few and 
small windows, it will not do to 
exclude much of the small portion 
of light admitted ; and on the other 
band, should the amount of light 
ontering be considerable, deep- 
coloured and low-toned windows 
not only conduce to that “ dim reli- 
gious light’* which adds mystery 
and variety to colourless architec- 
tural forms, but they are exceed- 
ingly agreeable to eyes wearied 
with the garish light of the every- 
day world. 

Ado/ptation to Site . — The cha- 
racter, then, of the edifice must be 
consulted, and it is no loss neoes- 
ea^ to adapt the designs in the 
windows to the stylo of the archi- 
tecture. What would be pleasing 
in a Gotbio building, would be 
ridiculous in a Benaissanoe edifice ; and what would be suited 
to the l^oets of on jElarly English chancel, would be incon- 
gmouB in the large lights of a Perpendicular west window, A 
atu dy of onciout glass, therefore, in connection with the arohiteo- 
tore of the period, is essential to the perfection of designs for 
c ccly iastical windows at least, which form a very considerable 
portion of the whole number of works of this kind. 

Another consideration that must enter into the calculations 
of the designer, is the aspect and situation of the window. 
In a window looking northward, a predominance of blue will be 
avoided, and more ruby and orange yellow will be allowable 
than if the outlook we:re in an opposite direction. Glass for a 
clerestory, or other high window, would naturally be of a 
different style, and ought to be more boldly executed tha n one 
which was intended to be placed at a short distance from the 
eye of the spectator. The ancient designers of glass, like the 
ancient painters, were not above oalonlating the effects produced 
by the probable position of the beholder, so that in a window 
which oonld only be looked at from some way below, the faces 
end limbs were lengthened to a most unnatural extent, in order 
that when foreidiortened by the eye they might appear of a 
natural proportion. Such artifices must still be adopted if 
'rindows are in very awkward positions. 

Bnd DrofUfii^ not neoeuwry to Good Glau. — ^Though in all 
fhsse m a tter s tiie work of old masters not only deserves 
38— 'N.R. 



Fig. 1. — WINDOW IN PAINTED GLASS, 


study, but m absolutely essential to the production of good 
work, there is one point upon which it is necessary to guard 
the lover of the antique. No worship of medimvaHsm will 
excuse an imitation of the bad drawing and the false anatomy 
of andent pictures. The painters of thsr present day, however 
much they may study and benefit by the instruction derivable 
from the works of the veritable Pre-Baffaelites, are not often 
guilty of the anachronism of imitating their drawing, so defec- 
tive from a want of knowledge of anatomy. It is surely the 
part of a wise draughtsman to know how to reject the evil 
and to choose the good,” amid the varied riches 1^ by tiie 
great but human giants of old time. The forms should be not 
only as good and as true as our present knowledge can make 
them, but they should also bo pleasing \ and this is the more 
necessary in glass-painting, for from the nature of the material 
the outlines are more strongly marked than they would be iu 
the kindred art of painting or even in many oases of sculpture. 

Geometrical Patterns . — But whilst thus only giving general 
hints and rooommondations of study of the best models as the 
best, and in fact only, preparation for producing designs for 
those portions of windows that represent figures and scenes, we 
mnst remember that there are portions which are easier of accom- 
plishment, more frequent in their 
occurrence, and about which it is 
possible to give more definite in- 
struction. Some coloured windows 
ore formed entirely of, and few 
are completely free from, patterns 
convoying pleasurable feelings of 
colour, form, and shade, but not 
intended to represent action or 
emotion. Many of these are made 
up of simple geometrical figures, 
and in most cases the greater the 
simplicity, the better the effect} 
but conventional forms of leaves 
and other natural objects, or of 
architectural ornamentation, are 
intermingled with a portion of ara- 
besque in almost all windows oon- 
taining human figures. 

Example of Pattern . — A first at- 
tempt at glass-painting oan soaroely 
bo made with a bettor subjeot than 
we give in Fig. 1. Here the de- 
sign is exceedingly simple and yet 
very effective. In the first place 
there is a tolerably wide margin of 
(so-called) white glass round the 
outside. The colour of this and of 
the quarrels in the original window 
is a light bluish-green, somewhat 
of the pleasing tone to be seen on 
the hedge-sparrow’s og^. The longer slips between the diamonds 
are of rather a browner tinge, still very pale, transmitting aoon- 
sidorable amount of light through the whole window. The little 
beading parallel to the edge of the window is a dull yellow, 
corresponding to the tinge upon the stalks in the running 
pattern. This latter is evidently produced by the stain of 
silver (which will bo explained hereafter). It will be seen on 
close examination that this broader ribbon of colour is made 
up of nearly triangular pieces fitted end to end, so that the two 
together make a rather long oblong piece. One of these triangles 
consists of a deep and bright green glass, scarcely shaded at 
all. The other is evidently originally of (so-called) white glass, 
on which the stems are stained (i.»*. yoUow), and the rest of the 
forms axe marked out by very deep shades of brown, thus 
allowing the eye to suppose that the green is carried on beneath 
the stalks, which could not have been done, as will be seen 
hereafter, without groat labour and a large quantity of leading. 
Thus the loading and the shades combine to carry out the forma 
intended, and with very simple shapes of glass of only two or 
throe colours a most pleasing window is pr<^uced. The leaves 
on the diamond-shaped panes are, of course, formed by (tiiades 
burnt in, as will bo described heritor. 

It should bo remembered that it is always necessary to have 
a margin of light-oolonred or even transparent glass around the 
whole framework of the window, as otherwise a portion of the 
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daiigxi wi3l b« loet whenever the light oomee in guy direction We extract from ** TonilinBon*e C|yclopiedia'*tdie following into- 
exciting straight through the opening. resting account of the manner in which these stones are pro- 

W&rlcMi^ Ihrawmg , — When the design is oompleted or fixed cured. The bed of argillaoeous sandstono in which the mill- 
upon, it is necessary to make a working drawing the full sise stones are found ** sel^m yields more than three thicknesses 
of tise intended window. This is usually done in charcoal upon of mill-stones ; although spread over a considerable plain, it is 

white paper. This material, of course, affords great facility not always of sufficiency g^ quality to be worked. The good 

for correction until it is finisW and set, and it also is capable stone is discovered by sounding. In some places it opens into 
of marking strongly the depth of the lines. The French glass vertical cracks, whioh allow the 
painters make their working drawings with black chalk on blue stones to be got out vertiosUy, 
tinted paper, heightening the lights with white chalk. When and these prove to be of the 

this working drawing is oompleted, and the colours denoted most durable kind. The works 

either by their names or by smfUl patches of paint, the next step are quarries, not mines, for the 
will be to mark in the lines of the leading and the Hnes of the loose nature of the superposed 
stanohions. These stanohions are iron bars orossing the window, rook does not allow of the more 
fastened to and supporting the leading by whioh the various eoonomioal method of driving 
pieoes of glass are kept together. These bars are usually at galleries underground, 
fifteen inohes apart, and are seldom altered unless they inteH ere ** The water, which is rather 

greatly with countenances or some other very prominent part of abundant in the works, is raised 
the pioture. They then oan be turned aside or removed a few by means of bnckets attaohed 
inches, but it is astonishing how little the eye marks their to balanced levers, whioh are 
interfereuoe when they occur at regular intervals. We re- worked by ohildron, who raise 

member one instance in whioh a vill^e blacksmith had made the buckets from stage to stage. When the quarryman ha» 
his stanchions in zigzags, in order not to disturb a quarry-shaped arrived at the bed of millstone, he strikes it with his hammer, 
pattern — a demonstration of rustic taste and skill that deserved If the stone yield a good sound, it is known to be of excellent 



encouragement. In some oases even, as in the Savoy Chapel, 
the stone mullions of a window are allowed to separate portions 
of outstretched limbs, without giving any feeling of discomfort 
to the beholder. 

Lectdmg . — The arrangement of the leading requires judgment 
and care. In much of the old glass we see leads running 
across limbs, faces, and plain surfaces of drapery, and this is 
imitated by some of those who copy the antique simply because 
it is old; but as there is every reason to believe that the 
ancients did not intend their piotures to be thus disfigured, 
but that these lines are merely the result of fractures, it is 
■oaroely wiso of the student of the old masters to adopt a 
syste^ worthy only of the manufacturer of sham antiquitieB. 
Caro should be taken then, in marking out the lines for the 
leading, not to interfere with the outlines of the design more 
than is absolutely neoessary ; at the same time it must bo 
remembered that the heavy and thiok glass that has to be 
employ^ requires frequent support, and that no very long and 
thin strips should be exposed to the strain from whioh they are 
liable to suffer when placed in the position assigned to them. 
The introduction of frequent folds into drapery, or a deep line 
of shadow, will often relieve the workman from those difficnlties. 


quality and large size. If the sound be dead or dull, it will 
separate in getting out. The man then gets out a mass of rook,, 
and shapes it roughly into a pylinder, whioh, aocording to it» 
height, will furnish one or two mill-stones ; he sometimes gets 
three, but never more than that number; he then outs a chan- 
nel about four inohes deep round this cylinder, for the purpose^ 
of separating it into two mUl-stones, whioh he does by driving 
into a channel two rows of wooden wedges, whioh are graduaUy 
and equally driven all round, until the mass splits asunder. 
The man occasionally applies his ear to the mass, to asoertaini 
that the line of fraoture is following the right direction. When 
millstones of large size are required, the fragments of stone are 
dressed into their proper shape, oemented together, and united 
by iron bands. Stones of this kind are lately imported into 
England and America.*' 

The diameter of the millstones most frequently used is four 
feet, and their thickness about twelve inches. In the composite 
stones about half the thioknese only is composed of the siUoiona 
millstone, the remainder consisting of plaster of Paris. The 
lower stone is oarefully dressed to a flat surface, but tbe upper 
stone is made slightly hollow for a small disteaioe from the 
oentral aperture, in order to admit the groin. 


Here it will be found that a design thoughtfully planned, with 
weU-arranged breadths of light and shade, will ^ready have an 
advantage in the mere meohanioal part of the working over 
a drawing, which will also be inferior to it in the agreeableness 
of its result, and whioh errs artistically in what is technically 
called viani of hreadthf that is, the lights and shadows are too 
muoh out up, causing a spotty appearance. 

APPLIED MECHANICS.— XIV. 

BY SIR ROBMT STAWBLL BALL, M.A., LL.D., 
Astronomer-Eojal for Ireland. 

FLOUB-MILLS. 

Wb propose in the present lesson to inquire into the meohanioal 
prinoiplM of that very important class of maohinee whioh are 
employed in omehing or grinding. 

The ha* been eeleot^ m being the meet important 

mamme of this kind. Flour-mills have received that attention 
^ mechanical perfection which machines so mnoh used 
must have necessarily commanded. 

The stones whioh are employ^ in grinding com are of a 
sp^ oharaoter. The millstone is a siHoious rook full of 
mterstl^ or oavities, whioh retain the grain, and expose it to 
tne aotion of the revolving stone. The intense hardness of 
mese stmiM prevents them from being ground away, and having 
their particles mingled with the flour, as is the case when 
or sandstone, or other oomparatiTely soft stones, are 
w^r the Purpose » a good pair of millstones oan be used 
^ t wenty years. The principal quarry from which good mill - 1 
•WW oan be prooured is at La FerW, in the basin of Ftois. 


The Burfaoes of both stones are out into grooves obHque on 
one side and vertical on the other, so that when the upper stone 
revolves, the edges of its grooves meet the oorresponding edgea 
on the lower groove 

like a pair of saws, ~~ ~ 

and thus divide the Rc£joi 5 = 3 X 

grain. We proceed to r -i 

describe the manner in — 

whioh the millstones g 

are mounted, and the 

meohanioal oon<* i 

triyonoee by whioh the 
motion is produced and H ^ 

regulated. q 

The lower of the 

pair of millstones is WKMiiillmF 

fixed, while the upper m 

rota^. The vertical ^ rL>^ 

spindle whioh toms ~ 

the upper stone passes 8 @ c 

through a hole in P ■ vu o 

the lower stone, while ■ *• 

the com is intro- y 

duoed through the 

hole in the upper stone. We shall first dsaoribe the adjust- 
ment of the lower millstone (Fig. 1). A b o is the iron eaaSr 
in whioh the lower millstone, t a, Is placed. The stone is 
held firmly by the sorews p, q, r. It is essential for the 
proper working of the aiU that the acting sitrfaoe of the 
lower miUstone be exactly horisonial. This is to enable the 
inreasiixe ql the upper ndUstone to he perfect unifonn. Tim 
lower atone, instead of direetly upon the irnttom of the 
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in supported upon three screws, L, ]c> w ; these screws 
work in hcdes, which have been tdpped at the bottom of the box. 
three pmnts in space determine the position of a plane» conse- 
quently even ^pu|rb the lower surface of the miUstone be un- 
even, the upper fimaoe oan be made horisontal. The mode in 
which this is accomplished is as follows : — By means of the set- 
screws P, <)» ]G^ the millstone is placed perfe!kly central in the 
box ; a psir of spirit-levels, at right angles to each other, are 
then pla^ upon the stone ; by means a spanner, the heads 
of the screws L, x, N are carefully turned, until the spirit- 
levels show the upper surface of ihe millstone to be horisontal. 
The set-screws p, q, a are then finally tightened, in order to 
make the millstone firm, and the sett^ of the lower stone is 
complete. 

The process here described of adjusting a plane by means of 
three screws like ii, m, n is worthy of attention, as it is of the 
utmost importance in various parts of mechanics. It should be 
noticed that less than three screws would not be sufiB^dent, and 
that more than three would be superfluous. 

In Fig. 2 is shown in a diagrammatic manner the relative 
arrangements of the millstones and the meohanism by which the 
upper stone rotates. B is the lower stone, A t is the ver- 
tical spindle passing through h, which turns the upper stone 
M. B c is the shaft by wHch motion is oommunioaM to^the 
different pairs of stones throughout the mill. The fly-wheel of 
the engine which toms the mill is usually toothed, and gears 
into a pinion upon the shaft B o. If 
the miU be worked by water-power, 
then the shaft B o reodves motion 
from a pinion, which is turned by a 
large toothed wheel on the axle of the 
water-wheel. This shaft communicates 
motion to each pair of millstonee by 
the pair of bevelled wheds p, g. The 
wheel p being larger than q, the vertical 
spindle is n^e to rotate more rapidly 
than the shaft b q* Thus, if the wheel 
V has three times the diameter of Q, the vertical spindle will 
rotate three times as fast as the shaft b c. When a pair of mill- 
stones is to be thrown out of gear, the pinion q is raised until its 
teeth are free from the wheel P. In order to allow of the sUding 
movement of the pinion upon the vertical spindle, the pinion is 
not keyed to the spindle. The nature of the connection is shown 
in Fig. 3. A represents the pinion seen from above. 8 is a 
key on the boss of the pinion, which fits into a corresponding 
groove in the shaft P ; thus the pinion is free to slide up and 
down along the shaft, though when the pinion revolves, it must 
carry the shaft with it. A ring underneath the pinion, which 
oan be raised or lowered by a screw, enables the machine to be 
thrown into gear or out of gear with facility. We shall presently 
see that the power possessed by the spin^e of sliding through 
the pinion is of importance, for a more important object than 
that of a disconnedmg gear. 

A (Fig. 2) is the step in which the lower end of the vertical 
spines works. The upper bearing of the spindle is fixed in the 
lower millstone. The upper end of the spindle is not rigidly 
attached to the upper millstone. In fact, the upper millstone is 
attached by a kiz^ of nniversal joint. Through the end of the 
spindle is a cross-piece t ; the^ends of this cross-piece are cylin- 
drical. The beatings of these cylindrical ends are in a piece, x« 
Even this piece is not rigidly attached to the millstone. The 
oylmders E X, attached to x, work in bearing in the millstone. 
Thus tile millstone is ceq>ablo of rotating slightly about either 
of two horisontal axes at right angles, and therefore of rotating 
abont any horisontal axis. By this ingenious arrangement the 
utmost facility is allowed to the upper millstone of adjusting 
itself, 80 as to work as smoothly as possible over the lower 
stone. 


PRACTICAL PERSPECTIVE.— X. 

It is intend an this lesson to riiow the method of putting 
into perspective the same object wl^ its sides are plaoed at 
angles to the piotiire-plane, as shown in Fig. 48. 

As the vssdshing-p^ts will in the preeent study extend far 
beyond the limits of the page, a dino^shed oopy (Fig. 49) of 
ike first working linee is given se a guide in starting. The 
Msring in this oonesponA with that of tile Isrgsr figm. 


Having drawn the picture and horizontal lines, the line o:. 
direction, o 8, etc., construct at 8 the a>>glea c s ^ and B 8 
corresponding with the angles o A o' and B A in Fig. 48. 

Pi^uoe the lines of the angles so as to. meei^ the horisontal 
line in vpl and vp 2, and find the measuxing-points, as already 
shown. 

Proceed to project the square plan of the block by means of 
the vanishing-points and measuring-points, as in previous figures, 
and thus obtain the figure a b' d c'. Draw the diagonals o' s’ 
and A B, and produce the latter until it meets the horisontal line 
in the vunUhing-point for the ddagonalt y b. And now all the 
lettering will refer to Fig. 47. 

From A set off b, and from b set off f, equal to the length 
which the plinth projects beyond the upper blook. From x and 
F draw lines to the measuring-points, cutting a s' in x' and F^ 
Prom X' and f' draw lines to the vanishing-points, cutting the 
diagonals in g and /, h. Join these points, and the figure 
efhg thus obtained will be the plan of the upper block. 

At A erect a perpendioulsr of indefinite height, and on it mark 
a, the real height of the front edge of the pl^tli. 

From a draw lines to the vanishing-points, and from b' and c* 
erect perpendiculars, meeting these in b and c. 

From b and c draw lines to the vanishing-points, intersecting 
each other in d, which will complete the plinth. 

On the nppor surface of this, draw the diagonals c h and a ti, 
and produce the latter until it meets the horizontal line in v b. 

From e in the plan, erect a perpendicular, cutting the dia- 
gonal adme\ Then e' is the position of the angle of the npper 
block. 

From draw lines to the vanishing-points, cutting the dia- 
gonal cb inf' and g'» From /' and g' draw lines to the opposite 
vanishing-points, intersecting each other (on a d) in h\ This 
will complete the plan of the upper blook, projected on the 
upper snriace of the lower. 

Now, on the perpendicular A mark off A L, the real height of 
the upper blook ; and from L draw a line to v B, cutting the 
perpendicnlar e e* in m, which will be the pers]^ctive height of 
the object. 

From / and p' erect perpendiculars ; and from m draw lines 
to the vanishing-points, cutting the perpendionlars in u and p. 
From n and p draw lines to the opposite vanishing-points, inters 
secting in o ; and this will complete the projection of the object 
in the required position. 

Exebcisx 35. 

Put hate perspective the object shown in Fig. 46, when standing en 
the right side of the spectator, at a distance within the picture, the 
front of the plinth to te parallel to the picture. The measurements 
to be as follow .•'—Scale, } inch to the foot. Height of spectator, 6 
feet; distance, 18 feet ; side of plinth, 8 feet wide and 3 feet high ; side 
of upper blook, 6 feet wide and 8 feet high ; distance on left of spec- 
tator, 4 feet ; distance within the picture, 7 feet. 

Exxbcise 36. 

The same object to be put into perspeotive, when one side of the 
plinth is at 4/09 to the picture-plane. All the other olroumstanoes a» 
to distance on the left or right of the spectator and within the picture 
to remain the same. 

Fig. 50. — The present subject is more an application of 
the last study than an absolute lesson, and therefore it is not 
lettered; so i^t the student may be thrown more npon his own 
mental resources, and become gradually aooustomed to “ think 
out ’’ the working of perspective forms. Unless he does this, 
the whole of his exertions will end in his copying the 
diagrams; and then by for more harm than good will have 
been acoomplished. The author has endeavoured to vary the 
lessons, and urges on the students the importance of working 
every example to different measurements and under different 
circumstances to those given in the text. It may sometimes 
oocur that one line is absolutely hidden behind another ; and 
the student may find himself in diffionlty if he ^end only on 
the diagram to know how it is that he gets two lines instead of 
one. He rpbs out, repeats his work, and with the same residt; 
the cause l^g that his object may have been plaoed 
inch more to tee right or l^t of the centre of tee. pi<itnse» and 
that teen tee line previonsly hidden will become viaible, and his 
result may be just as correct as the example. 

Again, teachers who adopt these lessons (written by one who 
haa spent twenty anxiotts years in teaching the inbiject) are 
.recommended to use the bl^k*board for general lustration 
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only ; bait m soon m the meet elementsvy prinolplee are wmM* 
ter^i to i^Te to t&e jmpile different dimeiudoiis and dittanoea to 
^oee firm which the black-board leeaon i« worked, explalninf 
at ttie Mune time what changes may occur in oonsequenoe of the 
diflinreace d circumstances. By &ese means the students wiQ 


Now in this example the upper blocks are not so high as the 
lower ones, but are of precisely the eame widfh, and are there- 
fore worked from the same ploas. 

If they were different in width, addi^nal plans would be 
required for them. As it is, let the plan be projected of the 



learn and become mtereeted in perspeotiTe, which otherwise may 
be found difficult and irksome. 

In Fig. 50, then, we giye a simple application of the previous 
studies ; for it will be seen that the base is the same as the 
object which forms the lesson illustrated by Fig. 46. But, as 
a tMrd block is to rise from it, an additional inner figure is 
required in the plan. And, farmer, the capital of the pier is 
only the same subject as the pedestal turned upside down. 


whole block in the first instance. Then, diagonals being drawn, 
the widths of (1) the first block and (2) of the pier itself are 
to be set off on the picture-line within the extreme points of the 
containing square. Ihen, from these points, lines drawn from 
the Centre of the picture will out the diagonals in points whioh, 
being joined, will give (1) the 3 ^ 1 an of the first block standing on 
the plinth, and (2) the plan of the pier itself. 

Now if, as each process is pursued in the figure below the 
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luniBo&tAl the Mme 
tern ie followed et the giTon 
dieUtioe o&ovtf* the oorraqmiid- 
i&g efieot will be obtaiiied. 
Thni, when the plinth hae 
been drawn* the abaoue, or 
npper member of the pier* 
being the lame in every re- 
spect but its height, is drawn 
in precisely the same manner, 
the lines proceeding to the 
centre of the pictime down- 
wards instead of upwards. 
And as perpendiculars are 
drawn from the points in the 
diagonals on the plan, they 
will out the diagoxuds in the 
under surfaces ot the blocks 
above the horisontal line in 
the exact pointa required. In 
this manner the whole object 
may be completed* 

Bxbboisi 37. 

All the oonditioiui as to height 
and distaaoe of the spectator 
beiag the same as in the last 
figure, put the same ohiect into 
perspective, when at a given dis- 
taaoe w thin the picture. 

Ezbboisb 38. 

Put into perspective the same 
otyeot, when the sides cl the 
plinth ere at and SQo to the 
picture-plane. 

Fig. 51. — This subject is a 
simple sideboard. It will be 
seen that the blocks on each 
side rest on plinths, as the 
npper block does in the last 
lesson, and they will therefore 
be projected in the same way. 

The slab forming the top of 
the sideboard, however, is of 
the same size as the plinths ; 
and its projection on each 
side is therefore governed by 
perpendiculars raised from the 
angles of the plinths. 

When the ^nt edge of the 
top has been completed, lines 



are drawn from its extremitise 
to the centre of the picture ; 
and these would be laminated 
by a horisontsl line drawn 
from A, the point at which a 
perpondionlar raised from the 
distant angle of the plinth 
would intersect the line drawn 
to the centre of the picture. 

But this back line would 
not be visible, sinoe the back 
of the Bideboai^ would rest on 
it, and the line which would 
be seen would be that of the 
junction of the upright back 
with the top of the sideboard. 
Therefore, within the point 
on the piotnre-line from which 
a line was drawn to the point 
of distance in order to find the 
distant angle of the plinth, 
set off the real thideness of 
the back, and draw a line to 
the point of distance. This 
will cut the receding line of 
the plinth in B; erect a 
perpendicular at B, and this, 
catting the edge of the top in 
c, will give the place for the 
back line, o d. 

At c and D erect perpendi- 
culars, and at b erect a per- 
pendicular, B F, equal to the 
height of Ihe back at eadi end. 

From F draw a line to the 
centre of the picture, cutting 
the perpendicular at o in o, 
and a horizontal from 0 will 
out the perpendicular at D in 
H, the other end of the back. 

But the back is not straight, 
but rises in the middle; there- 
fore, having found i, the mid- 
dle of the front edge, erect a 
perpendicular equal in height 
to middle of the back. 

From 1 draw a line to the 
centre of the picture, cutting 
the back line in k ; and at K 
erect a i>erpendionlar. 
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From J dmiw m line io the centre of the piotnre, oattingr the 
perpendionlar x in L ; draw a L and H L, which will complete 
Idle perspeotiTe eleyation of the back. The detail wiU be 
nndemto^ withont further explanation, and thia elementary 
form may be flniBhed or varied according to taate. 

ExsBoies 39. 

Pat the aame aideboard into perapective when atanding at a giren 
iiatanoe within the picture, 

Exbbcisb 40. 

Pat into perapeotlve the same object when atanding at a given 
dlatanoe within the picture, ita and being parallel to the picture-plane , 

Exbbcisb 41. 

Put into perapeotlve the aame object when placed ao that the front 
ef it is at an angle of to the pioture*plane. 

Exbbcisb 42. 

Put the same sideboard into perspective wben its front is at 50° to 
the pictnre-plane, end when the object stands at a given distance 
within the picture. 


CHEMISTRY APPLIED TO THE ARTS.— X. 

BY aBOBGB QLADSTOMB, F.C.B. 

LUCIPBE MATCHES. 

Tkosb who are of middle age will remember seeing in their 
young days the tinder-box with its flint and steel, and the 
matches tipped at each end with brimstone—acoording to pre- 
sent notions, a very clumsy apparatus for producing a light. 
The modem Inoifer is indeed so vastly more convenient, and 
has so rapidly displaced the old process all the world over, that 
the old tinder-box— which was considered so indispensable till 
nearly the middle of this century — ^bids fair to bo soon entirely 
forgotten. The lucifer was indeed truly described by a former 
Ohanoellor of the Exchequer in his budget speech as “ among 
the most splendid boons — though it sounds a humble thing in 
itself — which science has given to man.” 

The remarkable cheapness of their cost tends, no doubt, to 
very considerable waste in their use, it having been calculated, 
os far back as 1856, that the daily oonsumptiou in Great 
Britain was about 240,000,000, equal to eight luoifers per day 
for every man, woman, and child. At that time only about 
hftoen years had elaps^ since their general introduction. Now 
that three times that period has passed, the consumption is 
probably mnoh larger still. During the earlier term fonr-fifths 
of the luoifers used in this country wore of foreign manufacture, 
very large quantities being made in Germany. . Since then very 
extensive works have been established in England; and in 
addition to the home consumption, they form an important 
article of export to all parts of the world. 

The trade may bo divided into three principal classes : — 1. 
The wooden match, to which the simple term “ luoifer ” is 
ordin^Iy applied. 2. The vestas, in which a thin wax taper is 
substituted for the wood. 3. The fusees, which are principally 
used by smokers for kindling tobacco. 

The first is by far the most important manufacture — being 
twelve times as great as the second and third put together — 
and will claim principal attention. 

The splints of wood are sometimes rectangular, and at other 
times rounded ; the latter having a much neater and more 
iiiiished appearance. The former are prepared as follows. Boft 
pine wood is taken and sawn up into blocks of a oertain size, 
so os to fit the splitting machine. The block of wood being then 
fixed firmly in the proper reoeptaole, a frame containing a row 
of sharp-outting points is, by turning a handle, made to pass 
over the wood in the direction of the grain, each point cutting 
into the wood to the depth of about the eighth of an inch. 
Another motion is then communicated to the machine, which 
brings a knife-edge against the block, and slices off a layer of 
the wood to a similar depth. The splints (at tha. -ime double 
the length they are ultimately intexided to be) fall aown com- 
plete into a reoeptaole below. These alternate aotions of the 
machine continue rapidly, until the whole block is thus out up. 

The manufacture of the round splints may be considered even 
■impler than the foregoing. The cutting machine consists of a 
■olid plate of metal, which is perforate with round holes as 
close together as possible, and slightly countersunk in front, so 
as to present sh^ cutting odgM. piece Of wood to he 


operated upon is placed immediately xn front of the perforated 
plate, so that the cross section d tiM wood rests against it. 
Pressure is then applied at the other end, and the whole block 
of wo(^ is ultimately forced through the perforations, coming 
out on the other side in the form of ioi^g thin round pipes, 
smoothly out and highly compressed. 

The splints are tied up in bundles of a tho usa nd each, and 
then thoroughly dried by being left in a hesdied ohamber tor some 
time. The next process is ordinarily to dip the ends in melted 
sulphur, which is commonly done by hand, the dipper giving to 
the bundle a kind of twist which makes t^ ends spread out a 
little, so that they get coated all round with the sulphur, and do 
not stiok together in oooliug. Each end is dipped in turn ; and 
when dry the bundles are out through the middle by a diWlar 
saw, thus making them the exact length ultimately required. 
The object of dipping them first in sulphur is to supply a 
substance which will readily take fire on the ignition d the 
compound with which the end is afterwards tipped. The fumes 
of burning sulphur are, however, disagreeable, and most matches 
are therefore made without it. In this case the ends of Ihe 
splints are slightly carbonised by pressing them for a moment 
upon a plate of r^-hot iron, and then just touching them with 
some melted stearine or paraffin, a small quantity of which is at 
once absorbed by the wood. These bum even better than the 
preceding, as the wood then takes fire immediately, while in the 
others it does not until the sulphur is nearly burnt out. Tbe 
stearine or paraffin is more expensive, but on the other hand a 
much less quantity will answer the purpose ; and the matches so 
made arc altogether preferable to the coneumer. 

The next stop is to apply the material which is to be the 
source of fire, and which must be of such a nature as to take 
fire readily on the use of a moderate amount of frio^n. We 
must first consider of what thia is oomposed, and then the 
manner in which it is applied. 

This oomposition is made up into a pasty mass, the most 
important ingredient being phosphorus ; but both the propor- 
tions and the subsidiary articles vary very greatly in different 
manufactories. The object is to make a paste, which when 
dried will not be affected by exposure to the atmosphere, which 
may bo readily ig^ted on applying moderate motion, and 
which shall be sufficiently tenacious to adhere finnly to the end 
of the splint, until the wood has taken fire. 

Ordinary phosphorus cannot be preserved in a dry condition 
I in the air, as it rapidly oxidises, giving off a faint light, and 
omitting very poisonous fumes at tiie same time. It has, there- 
fore, to be kept oonstantly under water, and, except in oombi- 
nation with other substanoea, would be most unsuitable for 
domestio use. 

Chlorate of potash is free from some of the objections 
attaching to phosphorus, and it is substituted for it by some 
makers. Most, however, use a little of each in their paste. 
The wowt feature of the chlorate of jmtash is ita energetic 
oxidising action, and consequent readiness to explode on a very 
slight oononssion, the violence of ita action throwing off sparks, 
which might prove dangerons. Those containing much of this 
article may be recognised by the sharp detonation with which 
they go off.; those which are called ” noiseless luoifers ” con- 
tain no chlorate of potash. 

These are the two principal light-bearing ingredients. The 
rest are glue or gum, to give them coherence ; some fine sand or 
pulverised glass, to give increased friction ; and some sub- 
stances which will r^ily give up a large amount of oxygen, 
such as nitrate of potash, the peroxides of lead or manganese, 
and sulphide of antimony, to promote rapid ignition. Some 
mineral oolouring matter is added, according to the fancy of the 
manufacturer. 

It will be quite unnecessary to go into detail as to the 
relative proportions which may be used, for they may be varied 
almost infinitely. Even the most important article of all, the 
phosphorus, varies in quantity from 5 to 50 per cent. The 
larger proportions are generally io be found in those which 
contain no chlorate d potash. The luoifers made on the 
Continent are compounded with gum ; but in England glue is 
genenJlj used, because of the greater humidity of this 
(fiimate. 

The plan adopted in mixing the ingredients u as follows 
The glue is broken into small pieoes and put into oold watery in 
which it is left to soak for some time ; it, is then boiled up 
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gfntly until thoroofl^y dissolyed. The pot is then taken soription it will natorallj be inferred that the action of the red 
off the fire, and the reqnired proportion of phosphorus is is not so strong, and it is fonnd neoeasary in practice to use a 
gradually added. It melts immediately with the heat of the larger quantity, which considerably adds to the expense, phos- 
watery glue, but it must be kept constantly stirred to make phorus of either sort being very dear. A larger proportion of 
it mi^le thoroughly, care being taken to keep it below the chlorate of potash and of the oxygen-supplying compounds is 
surface of the liquiA The other artides axe i^en added, and therefore substituted, if a match is to be of the red phos- 
the stirring maintained with vigour, as the compound thickens phorus, which will take fire on any friction being applied in 
both with the cooling, and with the addition of the solid ingre- the usual way ; but these are liable to the risk of ignition by 
dients; it must, however, be kept in a pasty condition, and friction accidentally applied, which will not oooor in the case of 
therefore the temperature is not allowed to fall below about 97® the safety match. In these chlorate of potash and sulphide 
Fahrenkeit. of antimony are made into a paste with glue, and the match 

The j^te is then spread in a thin layer upon a fliat table of is dipped into it, as already described, while a second paste, 
marble or iron, which la kept just suffldently warm to maintain consisting of the amorphous phosphorus, some more of the 
the glue in a soft condition, until the dipping has taken place, sulphide, and a little glue, is made, and spread on the rubber 
If gnm be used instead of glue, no artificial heat is reqnired at in lieu of sand-paper. By thus dividing the ingredients, no 
this stage of ihe process, as it will not soHdify by the mere action will take place, exoei^ on application to the rubber pre- 
oooling. The paste is spread evenly upon the table to an exact pared for the purpose. 

depth, so that in dipping the matches one shall not get a larger The vestas— the aristooratio matoh, as Lord Sherbrooke baa 
share of the composition than another. humorously called them — are principally to be distinguished 

The dipping is either done entirely by hand, or with the by the substitution of a waxed cotton for the wooden splint. The 
assistance of a frame. In the former case the workman takes a tapers are made by fixing a number of pieces of cotton thread, 


bundle of splints tied up with a piece of string, and by pressing 
it between his hands and imparting to it a certain twist at the 
same time, he makes the heads to separate a little, much in the 
same way as in the sulphuring process already described, though 
not to such an extent, os he is now dealing with wood of only 
half the lengih. The ends are then brought into contact with 
the paste, receiving only just sufficient for the purpose of 
striking a light. Consumers, however, generally prefer those 
matches which have a good head to them, and as in bundle- 
dipping tlmy would all stick together if so much of the paste 
were used, the frame is used in preparing the better class of 
goods. 

The frame or clamp consists of a series of separate pieces of 
wood fifteen inches long, one inch wide, and a quarter of on inch 
thick, the under side of which is covered with list, and the 
upper contains small transverse grooves one-fifth of an inch 
apart, and just sufi^iently large to hold a splint. Children 
take these pieces of wood, and lay a splint upen each groove, | 
and as soon as one is thus charged they lay the next one upon | 
the top of it, and proceed es before. The list keeps the splints 
all steadily in their places, notwithstanding any trifling irregu- 
larity in their size. When the required number of rows is com- 
plete — containing in all about 1,500 matches — ^tho frame which 
bolds them together is screwed tight, and it is then passed on 
to the dipping department. 

The dipper stands at his table of paste, while the frames are 
handed to and fro by boys. After dipping, they are loft to dry 
for three or four hours in the air, and then are placed in a 
heated chamber for two hours, the temperature of which is 
maintained at from 80® to 90® Fahrenheit. The luoifers are by 
that time finished, and ready for packing, which is done by 
women and children. In the stoving and the packing great pre- 
cautions have to be taken against fire. The people are supplied 
with cisterns g£ water in which to dip their hands if necessary, 
and each one has a small box of sawdust in which to thrust 
any lucifer that may be accidentally lighted. 

Some patents have been taken out for cutting, dipping, 
drying, aod packing the matches by machinery ; and, indepen- 
dently of economical grounds, it is desirable that manual labour 
should be saved as much as possible, the work being both un- 
healthy and dangerous. In the besVregnlated establishments 
these objeotionB are, however, reduced to a minimum; and 
aggravated forma of the phosphorus disease ore becoming very 
rare. 

A wholly general uae of safety matches would perhaps be the 
most satisfactory way of obviating every objection, as there is 
a certain amount of danger attending the nse of the ordinary 
luoifers at all times. If dropped upon the floor tiiey will take 
fire when trodden npon ; and even children have been known 
to poison themselves by sucking the paste off the ends. The 
absolute harmlessneis M the safety matches is due partly to 
the use of the red mr amorphous phoephorus instead of the 
ordinary description ; and, secondly, to the mode of its applica- 
tion. This variety is not liable to spontaneoua combustion; 
indeed, it will not bum except at a elevated temperature, 
and it is not poisonous ; so that it is from all risl^ bo& in 
the manalaotaM and in the subaequent use. From this do- 1 


slightly twisted, in a frame, and then passing them through 
melted wax two or three times, nntU they acquire a coating of 
sufficient thiokness; to make the surface of the wax smooth 
and bright, they are afterwards drawn through a perforated 
metal plate. The taper being less rigid than the wood, a larger 
proportion of phosphorus is reqnired to be used in making the 
paste, BO that less force may be needed when rubbing them on 
the sandpaper. ' 

Fusees have cardboard or paper as a foundation. Dus is 
thoroughly saturated first with nitrate of potash ; then out 
into strips, and the paste applied to the edge by means of a 
spatula, after which they are laid out on a rack to dry. The 
nitrate of potash which has been absorbed by the paper, oauses 
it to bum slowly and continuously, even though exposed to a 
strong current of air. --- 

PRINCIPLES OF DESIGN.— XVL 

BY CHBISTOPUEB DBB8SBB, PH.D., F.S.It. 

WALL DECOBATIOKS (oonHnutd). 

PuBBUiNa onr consideration of wall decorations, we notioe that, 
just as the ceiling ornament mnst accord in character with the 
architecture of the room in which it is placed, so must the wall 
decoration be of the same stylo as the architecture of the room. 
Indeed, whatever we liavo said in a former lesson respecting 
the homony of the ceiling decoration with the architecture of 
the building, applies equally to the ornamentation of the wall, 
if not even more forcibly, if this be possible. 

It bos been customary to arrange waUs into panels when 
decorating them, and of this mode of treatment we give one 
illustration (Fig. 49) ; yet nothing can be more absurd than such 
a treatment, unless Ihe wall is architecturally (strueturally) 
arched. A wall may be so formed that some parts are thick, so 
as to give the required strength, while other portions, are t^. 
In such a case the wall would be formed of arched recesses and 
thickened piere alternately. This being the case, the decora- 
tion should be so applied as to emphasise, or render apparent, 
this arohed structuro; but if the wall is of one ijuokness 
throughout, its division into arches is absurd and foolish. 

We sometimes see great follies, and even gross untruths, 
perpetrated with the view of bringing about the so-called 
decoration of a room. Thus it is not nnfrequently that we 
meet wii^ imitation pillars, recesses, and arches as the so* 
called ornamentation ot a room. 

In low music halls we are not surprised by such decorations, 
for we do not look for truth or* any manifestation of delicacy 
of feeling in such places. Falsity and the untrue appear in 
natural juxtaposition with the debased and the vulgar. Sham 
marble pillars, a fictitious and merely imitative arobiteoture, 
an assumed and unreal, yet coarse and vulgar gorgeousness, 
are tiie natural adjuncts of immorality and vice; but such 
falsities cannot be tolerated in the abodes of those who pretend 
to purity and truth, nor in the buildings which they frequent ; 
yet even the Albert Hall has sham marble pillars ^ say 
this to onr shame), and but reoently I visited a ohoroh near 
Edgware, in which there is a display of false decoration such as 
I never before saw. Here we find sham pillars, giving a false 
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arohitiotare ; »iuun niohos, oontamingr sliajii Btatnefl ; iliaai 
olotid«| formittff an absurd oexlin^; and almost erety falsity 
which a falsely constitnted mind could perpetrate. 

How strange it is that in a church, where purity and truth 
are taught the whole of the decoraidons should be a sham ! It 
is said that if you want to hear a fierce quarrel, and to see true 
hatred, yon must seek it in religious soots and theological 
oussionists. On the same principle, I suppose, we must pre- 
pare ourselves for a display of the worst art-falsity in the 
sacred edifice. Perhaps the idea is that of contrast. As the 
teetotal lecturer had a drunken man by him as a frightful 
example of what was to be avoided, so the decorations of this 
church may bo intended as a warning, rather than as an example 


Ist. Harmony of colour depends upon great exactness of tint 
This exactness is rarely attainable in the case of two marbles. 
One stone may, however, be brought into direct and perfect 
harmony with a coloured wall, by the tint of the wall being 
carefully suited to the marble, find. The true artist tiiinlm 
less of the oostlihees of the material of wHoh he forms hia 
works than of the art-effect produced. Thus the old (breeks, 
who were full of art-feeling and refinement, ooloured the build- 
ings which they construct^ of white marble, and they certainly 
thoreby improved them ; for colour, if harmoniously employed, 
lends to objects a new charm— a charm which they would not 
without it possess. I must further say, before leaving our 
present subject, that all widls, however decorated, i^ould 



of what should be followed. Happily such churches as this are 
rare, and it can be truly said tiiat eooleBiaRtioal architecture 
and decoration have made great strides with us in recent years, 
and that in very many instances they are rigidly truthful as 
well as beaut^ul. 

Before leaving the oonsideration of wall decorations, I must 
object to all imitations, as sham marbles, granites, etc., for no 
wi^ can bo satisfactory which is to any extent a display of 
false grandeur ; and this is curious, that in many oases it costs 
more to produce an imitation marble staircase than it would to 
lino the same walls with the marbles imitated. 1 have known 
a case in which the imitation has cost double what the genuine 
stone would have cost, and such a case is not exceptional, for 
hand-polished work is always expensive. To imitations of 
marbles and gromtes, as I have already aidd, I strongly object, 
and of the genuine stone I am not fond, uidess sparingly and 
jadidoosly nsod. Hy objections to its free use are theee ; — 


serve as a background to whatever stands in front of them. 
Thus they must retire even behind the furniture by thoir un» 
! obtrusiveness. 

I The order of arrangfoment in furniture must be this. The 
^ living beings in a room should be most attractive and con- 
I spioaous, and the dress of man should be of such a oharaoter as 
to Becure this. Ladies can now employ any amount of colour in 
their attire ; bnt poor mi^ however noble, cannot by his dress 
be distinguished from his butler ; and, worst of all, both are 
dressed in an unbecoming and inartistio manner. Next come 
the fomitnre and draperies — the one or the other having promi- 
nence according to oircumstancea ; then come the wth and 
the floor, both of which are to serve as backgrounds to that 
I stands in front of them. In deoorating wills, or in judging of 
the merit or suitability of wall decorations, this must always be 
taken into consideration, that they are but enriched backgrounds^ 
and it should also be xomembered that the nature of ihe 
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is determined, to a great extent, by the | 
oharaoter of the arobiteetnxe of the bnilctiiig of whiob the wall 
forms a part. 

We come now to oonsider waU-papen, whidi are hangings 
prepared with the view of enabling us to deoorate onr ws]^ at 
comparatively small cost. I may confess that I am not very 
fond of wall-papers under any oirotunstanoes. I prefer a tinted 
or painted wall. Yet they are largely used, and will be for a 
long time to oome. I have already said in a former lesson 
that if wall-papers are used they ibould not be joined together 

and that we onght to 
oonsider them as 
so much art-materiud 
which should be used 

the pattern which a 
wall-paper should have, 
it is almost impossible 
to speak, as there are 
endless varieties; but 
as a rule it may be said 

that those consisting of m vX ' 

small, simple, repeated p 
parts, which are low- p 

Most wall-paper pat- ^ 

terns are larger than is ^ ' Fig. 50. 

desirable. The pattern ^ 

can scarcely be too sim- ^ 

pie, and it should in 

all cases consist of flat 

ornament. 

If the ornament is 
very good, and the pat- 
tern is the work dl a 
true artist, it may be 

larger, for then the . n. \vy 

parts will be balanced 
and harmonised in a 
manner that could not 

be expected from a less , N. ^ 

skilful hand ; but even N. 

if by the most talented 
designer, it must ever 
be remembered that he 

has designed it at ran- n. 

dom, and not as a suit- 

able decoration for any I 

particular room. The 

man who selects the \ 


pattern for a poridonlar 

wall must choose that 

which is suitable to the ^ ^ 

special case. ^ 

The effect of a wall- | ^ J yv 

paper is materially af- | i > 

footed by many drown- | P 

stances. Thus, by the | X^^VV\ i 

quantity of light ad- | P 

mitted to tke room, as / 1 

whether the room is ^ 

dark or light ; by the aspect, whether it receives the sun's 
rays or does not ; by the character of the light, as whether 
direct from the sly, or reflected from a green lawn, or red-brick 
wall. All these things must be considered, and what looks 
well in the pattern-book may look bad on a wall. 

The best wall-paper patt^s are those which consist of some- 
what strong colours in very small masses — ^masses so small 
that the gencond effect of the paper is zioh, low-toned, and 
neutral, and yet has a glowing oolonr-bloom, but these axe 
rardy to be met with. 

It was a fashion some time since to make wall-papers in 
imitation of woven fabrics, and this fashion has not wholly 
disappeared yet, absurd though it be. It arose through the 
aoddent of a designer of wall-paper patterns having been a 


dmwl-patfcem designer, and bavii^ a nuihber o! small 
patterns on band, whic^ be disposed of as wall-paper patterns. 
A pattwn which is snitsble for a woven ^rio is rarely suitable 
to a printed fabric, and especially when the one pattern is to 
be seen in folds on a moving object, and the other flat on a 
fixed sur&ioe. And at all times imitetion by one tnn.fjM-^p .1 of 
another is untruthful, and it becomes specislly absurd when 
we think that almost STory material is capable of producing 
some good art-effect which no other material can. We should 
I always seek to make each material as distinctive in its art- 

f character as we can, 

and to cause each to 
appear as beautiful as 
possible in that parti- 
onlar manner in which 
H oan^most naturally 

A word should be 
said about the parti- 
cular oharaoter which 
a wall-paper pattern 
riionld have, bnt the 
remarks which I am 
now about to make wiUi 
apply eqnally to all 
pattms employed aa 
wall deoorationB. If we 
view trees or plants, as 
we see them sgainstthe 
sky as a background, 
they are objects which 
point upwards and have 
a bilateral symmetry 
(their halves are alike), 
or are more or less irre- 
gular in form, and wh^ 
seen in this view we 
may regard them as 
natural wall decora- 
tions. Our wall pat- 
terns, then, may point 
npwa^, m in Fte. 47, 
and be bilateral or 
otherwise j but it must 
^ remembered that 
when the flowers of a 
n primrose protrude from 

a bank, they are regular 
radiathig, or star, oma- 
menta, I think that 
^ legitimate for na 

** regular radiating, 
ornaments, as well as 
those havixig a special 
upward tendency. 

^ thatwheu 
^ from the aide 

. . plants are bilateral, or 

Pig. 58. are more or leas irrogu- 

\ lar. As I have referred 

to plants as furraBhing 
^ f us with types cf orna- 

ment, I should not bs 
doing rightly were I to leave this statement in its .'re»ent form, 
for the tendency of the vital force of all plants is to produos 
structures of rigidly ssrmmotrioal oharaoter ; but insects, which 
cat buds and leaves, and blights, winds, and frosts, so act upon 
plants as to destroy their normal symmetry, hence we find an 
apparent want of symmetty in the arrangement of the parts of 
phnts.* 

Bespecting the colouring of oormoes, a few words should be 
said. 1st. Bright colours may here be employed.. 2nd. As a 

* Those who seek further information on this subject, will And it in 
the chapter on the arrongeintmt of leaves, in Dresser’s Budiments of 
Botany** (Virtue) ; Dresser's ** Popular Manual of Botany " (Black) ; or 
Dresser's ** Art of Deoorative Design *' (Day and Sous). 
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ralei xed in iriiadow or in aboda, blue on flat or hollow 
aurfaoM, etpooiaUy those that recede Irom the ^e, and yellow 
on rounded adiranoing members. 8rd. XJee for red eithw ver- 
wninn or oarmine ; for blue* ultramarine either pure or with 
white { for yeUow, middle or orange chrome, dilated with white. 

IJae red very sparingly, bine abondantly, the pale yellow 
in medinm quantity. 

Besides primary ooloore, none others need be used on une 
oomioe. It is a mistake to use many, or dull, oolours here, 
but gold may be used instead of yellow. With the view of 
explaining the principles which wo have just enunciated by dia- 
grams, we give four illustrations (Figs. 50, 51, 52, 53), and the 
coloured plate illustration of oomioe, ceiling, and wall oolonr- 
ings, which forms one of the Frontispieces in this work. 


NOTABLE INVENTIONS AND INVENTORS. 

XIV.-THE SILK MANUFACTUEE (concluded). 

BY JOHN TIMBS. 

On arriving in England, in 1717, Lombe agreed with the Corpora- 
tion of Derby to rent on a long lease for ^8 a year an island or 
swamp in the river Derwent, 500 feet long and 52 feet wide. 
Here he erected, at a cost of JB30,000, an immense silk-mill, 
now the property of the Corporation, the lease having expired. 
The foundations were formed of oaken piles, 16 to 20 feet long, 
driven close together by means of an engine whioh he contriv^ 
for the purpose ; on these piles was laid a fotmdation of stone, 
on wluch were tamed stone arches to support the walls. During 
the four years occupied in the erection of the mill, Lombe, in 
order to raise money to carry on the works, hired rooms in 
Derby, and in the town hall set up his machines, which were 
temporarily worked by hand, and by whioh he was enabled to 
sell thrown silk at much lower prioes than it oonld be obtained 
from the ItaUans. By the time his large mill was completed 
he had permanently established the silk-tlirowing trade. In 
1718 he obtained a patent, and, with the aid of his Italian 
workmen, was prooee^g successfully in his business, when he 
died, out off, as it was thought, by poison, through the agency 
of an Italian woman, whose business he had drawn away to 
himself. William Hutton, a native of Derisy, whose early days 
were spent toiling in this very mill, states that Lombe lingered 
two or three years in agony, from tbe slow poison; and the 
woman was interrogated, and suspicion strengthened. He was 
honoured with a superb funeral. '‘He was a man," says 
Hutton, " of quiet deportment, who had brought a beneficial 
mannfaotoryinto tbe place, employed the poor, and at advanced 
wages, and thus oonld not foil to meet with respeot ; and his 
melancholy end excited mnoh sympathy.” 

John Lmbe was snooeeded by his brother William, who, in a 
fit of melancholy, shortly afterwards shot himself. About 1726 
the mill passed to his cousin, Sir Thomas Lombe, who in 1732, on 
the expiry of the patent, petitioned Parliament for a renewal, 
which was declined. The Government, however, grant^ the 
sum of JB14,000 to Sir Thomas as compensation, on condition 
that ho would prepare and deposit in the Tower of London an 
exact and faitbfnl model of his machinery, for the inspection 
and advantage of those who might purpose constmoting 
works. The Aot authorising the issue of the money mentioned, 
among other oiToumstanoes which justified the grant, the great 
obatruotion offered to Sir Thomas Lombe’ s undertaking by the 
King of Sardinia, in prohibiting the exportation of the raw silk 
whioh the engines were intended to work. 

The aooonnts of the machinery of this immense mill, five 
storeys high, have been much exaggerated. The grand ma- 
ohine is stated to have been oons^noted with 26,586 wheels, 
and 96,746 movements, which worked 73,746 yards of organsine 
silk-thread with every revolution of the water-wheel whereby 
the machinery was driven ; and aa this revolved three times in 
each minute, the almost inoonoeivable quantity of 318,582,720 
yards of organsine could be produced dafly 1 Hutton's autho- 
rity is, however, the beet, for he served an apprenticeship of 
seven years in the*mill, and he reduces the numlto of wheels to 
1 8,384. The whole was moved by one water-wheel. Sir Thomas 
Lombe is stated by Hutton to have aoonmulated more than 
Also, 000 by this The chest in whioh John Lombe brought 

over to England his spindles and other maohineiy was long pre- 
served in '^e mill wldbh he built, but became tbe property of 


I Hr. Llewellyn Jewitt, F.S.A. 1%e chest is muoh older than 
Lombe's time ; it is richly carved and painted, and, apart from 
its association with his name and career, is a rensarlmbly fine 
example of art. It is engraved ^th Lombe's HiU, in " Stories 
of Inventors and Discoverers," 1860. Many throwi^-mills 
have since been erected at Dc^y, and ibis bmoh of industry 
may be regaled as the staple of the town. Lombe's machi- 
nery has not, however, been used for many years ; and improved 
; machinery, whion periorms twice the work in less room, is now 
I adopted. 

In 1718 the silk-garden scheme was revived, when part of 
the estate of Sir Thomas More (Chelsea Park) vraa leased to a 
company, and 2,000 mulberry-treM were planted. Thoresby, in 
his Diary, 1728, tells ns that he saw “a sample of the satin 
lately made at Chelsea of English silkworms for the Princess of 
Wales, whioh was very rich and beautifoL" This scheme also 
failed ; but the Clockhouse, in Lower Chelsea, was long after 
famous for the sale of mulberries from the trees planted for silk- 
rearing.* 

About the year 1789 nxuraeries of mulberry-trees were planted 
in several States of the American Union ; but though the climate 
is not unfavourable to the rearing of silkworms, whioh are found 
in their natural state in the forests, the high rate of wages was an 
obstacle to this sort of employment, whioh is better adapted to 
the social condition of China, Italy, the South cf France, and 
Malta, where the rate of wages is very low. In 1831 a small 
quantity of raw silk was exported from the American Union. 
The produotion of raw silk in British India is extensive ; and 
labour is not only cheaper than in many parts of Europe, but 
three crops of silk may be taken in the year, while from 
countries west of India, including Turkey, only one can be 
obtained. The Chinese method of rearing silkworms has been 
introduced in St. Helena, bnt was soon given np. Some of the 
silk produced in France is believed to be better than that of any 
country in the world. The Italian silk is also highly esteemed. 
In Bnssia, Peter the Great formed mulberry plantatious; and 
the rearing of silkworms was much enoonraged by the Empro.«H 
Catherine. In Bavaria and other parts of Gformany, with tlu* 
exception of Saxony, the silkworm is successfully reared as u 
commercial object ; also in Sweden, where the silk is said to 
poBsess some valuable properties not found in that produced i;i 
a warmer latitude. In 1835 an attempt was made on a large 
scale by a company planting eighty acres in the county of Cork, 
with 4,000 mulberry-trees, but the design was soon abandoned. 
In 1839, Mr. Folkin produced at Nottingham some fine cocoons 
from eggs from Italy. Mr. Whitby, at Newlands, uearLyming- 
ton, Hants, for many years reared silk wilh suooess from eggs 
of the large Italian sort, of four changes ; and twenty yards of 
rich and brilliant damask manufaotnred from silk raised at 
Newlands have been presented to the Queen. The obtaining of 
a snffloient quantity of food for the worms at the right time has 
hitherto been the great difficulty of growing silk in England. 
In 1846' scarves wore manufaotu^ in Spitalfields from the pro- 
duce of between 700 and 800 silkworms kept in an attic room 
at Truro ; in size and weight the worms surpassing those in 
Italy, the cocoons larger, and the quantity of silk exceeding the 
Italian average. 

British silks have long been equal to those of Lyons ; the 
weavers of Spitalfields, Derby, Cheshire, Lancashire, and other 
districts in ]^gland Wng equal to French weavers ; the defi- 
ciency, if any, is rather in the quality of the raw silk than 
in the manufacture of the article. Baling the silk is a very 
material branch, whioh is never done in England, though silk- 
reeling is light and delicate work, well suited to women and 
children. It is generally supposed that the ooooons are injured 
in the carriage, but this is a f^tUaoy. The worms are first care- 
fully destroyed, and the cocoons are then packed in safety ; so 
that the real difficulty is that of procuring silk carefully reeled 
from the ooooons. 

R<m Bilk is the silk in its natural state when wound from 
the ooooon. It varies in fineness according to the number of 
ooooons reeled off at onoe to form one thrm^, the filameute of 
whioh are united by their viscid property. In the process of 
dyeing, the gum is discharged more or less, and the fibres 
become loose and unfit for weaving ; tlm raw silk Is therefore 
manufactured first ihto tvngles, from, at orgemnne. By BinglBB 
is signified one of the reeled threads twisted. Tram (from the 
Frenoh erUms; dr ** shoot") is formed Of two or more threads 
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twlited togetiier; And if vied for weaving ribbone for the iboot Bibbom were early wrought with eilk, and they formed a 
or weft. OrpMmim ii formed of two or more twisted braaob of the lilk maaufaotnre during iti progress from Qreeoe 

together in a ssn^reiy direction from that of its oomponent to Sicily, and from thence to Italy and Spain ; but the ribbon 
singles. Jfttrahui is silk thrown twice, and is made from tbe trade seems first to hare assumed distinct importanoe in France, 
flue white silk from which the gum has not been bo0ed ; that The making of ribbons and small articles in silk long preceded 
of the French is best. The preparation of the silk is the in England that of broad silk. ** The best ribbons made in 
business of Ute throwster, a wo^ formed from the word France are those prepared for the English market ; the houie 


“throw,” in the 
obsolete sense 
of “ to twist, to 
twine.” 

In t^lain silk- 
wearing the 
process is much 
the same as 
wearing linen 
or woollen; but 
the wearer is 
assisted by a 
maohine for the 
cren distribu- 
tion of the 
warp, which 
frequently 
oonsists of 
8,000 separate 
threads in a 
breadth of 
twenty inches. 
The Jacquard 
loom, invented 
by a weaver of 
Lyons, has been 
the means of 
facilitating and 
cheapening the 
production of 
fancy or figured 
silks to an ex- 
traordinary ex- 
tent. Patterns 
which required 
the greatest de- 
gree of skill 
and the most 
painful labour 
are produced by 
this maohine by 
wearers of or- 
dinary skill, 
and with little 
more labour 
than that re- 
quired in weav- 
ing plain silks. 
Persian, satin, 
gros-de-Naples, 
duoapes, satin, 
and Levantine 
are the names 
given to plain 
silks, which 
differ from 
one another 
only in texture, 
quality, and 
softness. Satin 
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consumption is 
chiefly of less 
costly goods.” 
(“ Penny Oydo- 
prndia.”) But 
many ribbons 
are produced in 
Coventry which 
equal in quality 
theirforeigu 
rivals of the 
same make. 

The perse- 
verance of our 
manufacturers 
long since en- 
abled them to 
ship British 
bandana hand- 
kerohiefs for 
India. In the 
printing of silk 
handkerchiefs 
there has been 
great improve- 
ment; and most 
of the India 
band kerchiefs 
are now print- 
ed in England. 

On the steam- 
factory system, 
the manufac- 
turer gets every 
preparatory 
process done ; 
and by steam- 
power one-half 
of the weaving 
process itself— 
the ^looting 
down — all that 
is left to the 
weaver being 
the piokiDg up 
andattend^oe. 
The profitable 
application of 
steam-power to 
silk-weavink 
was long con- 
sidered to be 
almost impos- 
sible, so large 
a portion of 
time being con- 
sumed in the 
handling and 
trimmingofthe 
silk, in propor- 


the great proportion of the threads of the warp 

being left visible, and the ifieoe being afterwards passed over 

heated qylindets. Other varieties erf sUk goods are produced by 

meriianicnl anangements in the loom, such as using different 
shuttles with th^ads of various snbstanoes, eto. Tbe pile of 
vrivet is produced by the insertion of riiort pieces of aiUc thrend, 
which cover tbe iturfaoe to entirely as to conceal the interlacing 
of the warp and woof. Ihme are several sorts cf goods in 
silk is employed with woollen materials, os poplins ajid 
Iximbaainea. 


cm to the time that the loom is in motion, and 
ute of power : but eteum hue become tteol^ 

' the ribbon m of other mMinfhotnnng ^i**^**-.. 

fl<mi«d nboons witn 


great precision and beauty. , . „ i. j 

The silk culture of France has oocasionally snffered a 
check in consequence of epidemics among the worms, andtee 
production of nnhealthy eggs. These wteJTwptions, h^e^ 
m generally very soon overcome, and tins branch o£ r^ranon 
industry nsually attains to great prosperity. 
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OPTICAL INSTRUMBHTS.— Vll. 

BT BAXUIL HXGBXiVT, V.O.S., XTC. 

THE OPHTHALKOSCOPE. 

1 fimionsly stated that where the diagnosis of an eye 
indicates defects or compilations that plaM its legitimate 
treatment within the domain of the surgeon rather than that 
of the spectacle-maker, much may be learnt by the nse of the 
ophthalmoscope ; but as its 

indications must be inter- 

preted by anatomical expe- / 

rienoe, I shall only describe ^ 

the optical arrangements of ■■ 

this instroment, and refer r \ « 

all who wish to become ao- \ — — 

qnainted with its nse to the \ ' , 

excellent practical treatue 

of Zander, an English trans- Pig 

lation of which has been 
edited by Mr. B. B. Carter. 

lAehr^h*$ Ophthalmoicope . — The object of this instmment 
is to illnminate the interior bf the eyeball, and then be able to 
obserro a magnified image of its yarions parts. 

In its simplest form the ophthalmosoope consists of a conoaye 
mirror an inch and a half in diameter, silvered at the back by 
Liebig’s or Fetitjoan's process, pierc^ in its centre with a 
round hole of about ^ inch in diameter, and having a focal length 
of about 6 inches. Behind the mirror is a snpport for eye-pieces, 
which may be convex lenses of 10 or 12 inches foous, or con- 
caves of 6 to 12 inches fooust taken from the ** trial case.** 
This is used in oonjnnotion with two ** object-glasses,** which are 
convex lenses, one of about 
14 to 2 inohes foons, and the 
otiier 2| to 8 inohes foons, of ^ 

about the same diameter as M 

the mirror. The mirror and __/p1 

object-glass may be packed 
in an ebonite box not exceed- 

ing the size of a small watch, pij 

and then oonstitate the most 

portable form of the ophthalmoscope. In using this, the patient 
is placed in a dark room, face to face with the examiner, an 
argand lamp is placed beside and a little behind the patient’s 
he^, with the flame on a level with his eyes. The examiner 
places his eye close behind the aperture in the mirror, and then 
while about a foot distant from the patient directs the light of 
the lamp into the eye under observation. Should the relative 
refractive power of &e eye of the observed and observer require 
it, suitable eye-pieces may be fitted behind the mirror. By 
approximating the mirror nearer and nearer, the oomea, lens, 
vitreous, optic nerve, yeUow spot, intra-ocular vessels, etc., 


found at page 58 of YoL VI- cf the Fopulab Ebuoator, 
under the head of ** Beoreative Soienoe.** 

OphthtUmompe . — The inimnyenieut 
neoesi^ for making ophthalmoeoqpio observations in a dark 
room has been entirely obviated by a very useful arrangement 
devised by Br. Lionel Beale, F.B. 8 ,, Physician to King’s 
College Hoqdtel — shown in 18. This consists of a tele- 
Boopio tube o, about one inch diameter, to the upper end of 

which a small paraffin lamp, 
F] funushed with a metal ohim- 

— ^ ney and a bull’ 8 <^e lens, is 

1 attaohed by a rotating fit- 

^ observ- 

^ \ ing tube being inclined at 

' rik 1 convenient angle, while 

^ chimney stands perpen- 

dicular. Tbe rays ejected 
12 . r**T by the bull’s-eye are pro- 

jeoted on a silvered mirror 
pieroed in its centre with a 
small aperture. Bie end of the tube b, whioh slides or adjusts 
on 0 , is fitted with a piece of wood shaped to the margin 
of the orbit of the eye. On this end being applied to the 
patient’s eye, the int^or of the eye becomes po^eotly illumi- 
nated by the light reflected from the mirror, and a magnified 
image of the fvmdm is obtained by means of an object-glass 
of 2 i or 8 inches focus, fitted to the lower end of the 
tube c, and observed through an aperture at a, in front of 
which an eye-piece may be fitted when desired. An accurate 
focus is obtained by sliding the tube B on the tube o, the 
average point of focus being inffioated by a mark on the tube c. 

The object-glass is mounted 
so that it may swing on a 

^ ^ I ^11 a vertical axis, and be inclined 

1 ,- — ■ ■ ■ — BO that the reflections from 

its anterior and posterior sur- 
faces (which would interfere 
wilh ihe distinct image of 
14 ^ the retina) may be thrown 

out of the field of vision, 
an inclination of less than a quarter of an inch being suffi- 
oiont. This adjustment also prevents reflections from the 
lenses of the patient’s eye becoming inconvenient. It should 
be observed that a plano-convex lens, with its plane surface 
towards the observer, thus mounted, reduces the annoyance from 
reflection to a minimum. When this apparatus is not in use, 
the reservoir of the lamp d is unscrewed, and plugged with a 
screw shown at f. The chimney and burner ore turned hori- 
zontal with the telescopic body, so as to make the arrangement 
portable, for packing away in its travelling case. 

This ophthalmoscope can be held in the hand, or it may be 


may be successively exa- 
mined, and any pathological 
symptoms noted. This is 
termed ** tho direct method,'* 
the natural lenses of the ob- 
served eye forming a convex 
triplet, whioh gives an erect, 
virtual, magnified image of 
the pa^ seen. By employ- 
ing one of the object-glasses 
(held between the finger and 
^umb of the observer’s 
left hand, about an inch 



mounted upon a stem or 
tripod stand. It can be 
used in any room in full 
day-light or when lamps are 
lighted. This arrwngenient 
entirely obviates the neces- 
sity of the dark room for 
ophthaHmoscopic observa- 
tions. The eyes may be 
examined when the patient 
is in the recumbent posture 
as well as when sitting or 
standing, and in many oases 


from the patient’s eye, 

with the other fingers resting against the forehead to steady 
the lens) a larger field of view is attainable, with greater 
faoility for observation. By proper adjustment of the mirror 
an inverted real image of the parts is seen. This is termed 
** tha indirect method ” of obsmrvation, and it must be ob- 
served that the rays of light reflected from the fundus ocuU 
strike the oljeet-glaaa, and form the inverted rehl image — ^in 
normal eyes at, in myopic eyes within^ and in hypermetropic 
eyes beyond, the focal length of the objeot-glaaB. Should the 
eye of the observer be d^eotive, the Averted image will be 
improved by en^loying a suitable oonvex eye-piece. Fig. 12 
•hows the general arrangement of the ophtbalmoioopio appa- 
mtue, and lome interesting matters relating thereto will be 


without using atropine. 
When an observation is to be made the observer should r^uest 
the patient to direct the other eye so that he may see distinctly 
some object on a wall from 8 to 10 feet distant, as a spot 
in the pattern of the paper, or a red wafer or piece of sealing- 
wax plf^d there for the purpose, about one foot higher than 
the level of the eye of the patient. The patient should be told 
to look, now a little above or below, to the right or to the left 
of this mark, until the optic disc, with the vessels, oomea well 
^to view; in many instimees this will be u.;mediate2y. The 
reason for preferring a distant object to a near one (as a ball 
attaohed to the end ^ a bar oonneoted with the ophthalmoecope 
itn^ ia, that the pupit dUates, while it will oontract if a near 
object be aeleoied ; and then by reason of its amallnets, a good 
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riew of the disc cannot be obtained without the prerioiui nee of 
atropine* Thie is the most oonrenient form of <^htha]nioaoope 
for olinioal demonatration. 

Lawrene$ and Binocular OphthcdmoBeope^-^ln the rue 

of the ordinary arrangement, the deti^ of the f undue appear to 
be all in the same pla^, so that the indioationBof abnoni^ ele- 
Tationa or depressions must be, as it were, translated to the mind 
of the obsaryer by noting the change of plane, to secure perfect 
definition of each part while focussing. Bntif both eyes of the ob- 
server are brought into play, then the various parts will be brought 
into natural or stereoscopic relief, and ihe observation greatly 
facilitated. To this end X)r. GHraud-Teulon contrived abinoouli^ 
ophthalmoscope, but did not provide an adjustment for difference 
of distance between the eyes of different observers ; so that the 
two images could not, wiih his instrument, always be combined, 
except by a forced convergence of the eyeballs, which entails 
fatigue. This serious defect has been remedied by the adjust- 
ments provided in the arrangement of Ijaurenoe and Heisch. 
Beyond the greater accuracy of vision obtained by the percep- 
tion of relief in the object viewed, a greater amount of light, 
with a more extended field of vision, is ^so secured. The essen- 
tial parts of the instrument are shown in Fig. 14. 

In using this arrangement the lamp is placed behind and 
above the head of the patient, in a line central with the observer. 
The instrument is held horizontally, so that the light from the 
lamp is reflected into the eye of the patient by means of the 
perforated mirror e. The image of the fundus is received ux>on 
the reflecting surfaces of two rectangular prisms s, e, placed 
behind the aperture in the mirror, from whence each prism 
reflects an image to the prism 7 7 , from which each image is 
reflected into the eyes of the obs^er, placed close to these 
“ ocular prisms.’* The ocular prisms 7 , 7 can be mode to 
slide on a bar A b, and coincide with the optic axes of the 
observer’s eyes, while simultaneously, by means of a slot and 
nut, and an endless screw adjustment h i, h i, the prisms are 
tilted to a suitable inclination for perfect o'oservation from 
the reflecting surfaces. Convex eye-pieces, 8 and 10 inches, are 
provided, which can, when desired, be placed in clips in front of 
the ocular prisms. This arrangement may be used for the 
“ direct” or the “indirect” method of observation. 

The method of placing this instrument in adjustment for each 
observer is as follows : — 

See that the nuts i, i are in the centre of the slots H, H ; if 
not, bring them there by turning the screws o, o. (If care be not 
taken on this point, the instrument may be strained in adjust- 
ing the slides.) Having carefully measured the distance 
between the pupils of the observer’s eyes, move the slides c and 
D till the marks on them correspond to that distance on a b. 
Thus, if the observer’s pupils be 2*4 inches apart, the slides 
must be set at two divisions from the lines marked 2 inches. 
Great care must be taken to place them equi-distant from the 
centre. How tom the screws a, g, till the nuts i, i again occupy 
^e centre of the slots H, H. Place a light about eighteen 
inches in front of you, and holding the instrument quite hori- 
zontally, look through the prisms 7 , 7 . ’Two images of the light 
will now be seen. Ascertain that they are of equal brightness, 
by first shutting one eye, and then ‘Uie other. If they are not 
equally distinct, it is a sign that the correct distance between the 
pupils has not been taken, and the slides must be moved till the 
images are equally bright : now turn the screws G, G, and the 
images will approach each other ; when they perfectly coalesce, 
the instrument is adjusted. 

There are other modifications of Liebreich’s ophthalmoscope, 
which are designated by the names of the modifiers. However, 
these and other instruments specially invented for use in con- 
nection with defects and diseases of the eye, are mostly to be 
seen at all the high-class ophthalmic hospitals. 


BRICK AND TILE MAKING.— L 

TEBBA-OOTTA, BBIOKS, AND TILBB. 

BT GILBERT B. BEDGRATB. 

Olay, which is the result of the disintegration and attrition 
of the various Mmary rooks, is widely distributed over the 
earth’s surface. It is found in almost every degree of im- 
purity among the more recent depositB, and in a state of com- 


parative purity in the Coal Measures and Lower Oolite— as a soft 
or friable eag^ in the former, er consolidated into rooks of 
considerable hardness and durabUiiy in the latter formation. 
Its odour varies, according to the quantity it contains of Ume, 
iron, or bitumen, from almost pure white, through every 
of red, blue, and brown, to deep black. 

The employment of clay by the potter dates from the most 
remote period, for not only do we everywhere find the simple 
earthen vessels which man requires for his domesUc wants 
associated with the earliest traces of civilisation, but we are 
expressly told in the Bible that with bricks moulded from day 
I the dwellers on the plains of Shinar began, 4,000 years ago, the 
famous “ tower whose top should reach xmto heaven.” 

It is our intention in ^e present series of papers to treat of 
clay as used only for structural purposes, and this we propose 
to do, not historically, but solely with the view of bringing 
under the notice of our readers the processes now most commonly 
practised in different parts of the country for manufacturing 
from clay the materials known as bricks, tiles, and terra-cotta. 

Pure ^y, which is, chemically speaking, a hydrous silicate of 
alumina, containi about 47 parts per cent, of silica, 40 parts 
of alumina, and 13 parts d water. This is very nearly exactly 
the composition of the substance Ipown as kaolin, or china-clay ; 
but fire-clay, pipe-clay, and potters’ clay, ore all comparatively 
pure silicates, having, however, a much linger proportion of silica 
than kaolin. The purer clays are, of course, seleoted for the 
best descriptions of pottery and terra-cotta ; while the earthy 
clays, or loams, and the clays largely impregnated with iron and 
lime, which occur chiefly in the more recent formations, are 
used in the manufacture of bricks, tiles, and the commoner kinds 
of pottery. Commencing our remarks with terra-cotta, which 
is derived from two Italian words, ferra, “ earth,” or “day,” and 
coWa, signifying “baked,” or “burnt,” we may state briefly that 
all the finer and better classes of prepared clay goods really come 
under this head. The difference between bricks and terra-cotta 
is an imaginary rather than a real one. Some would have it 
that terra-cotta is a vitrified brick, or a brick the sUica con- 
tained in which, owing to its having been burnt at a high 
temperature, and to its being mixed with certain proportions of 
alkali or other flux, has been more or less converted into glass, 
as in the best stoneware. This definition, however, is far from 
being accurate, as terra-cotta is rarely if ever vitrified, except 
on the surface; and a better distinction would be to assume 
that all fine-grained clays which will resist a long-continued 
firing, and bum so hard as to become incapable of being 
scratched with the point of a penknife, may be regarded as 
terra-cottas ; while the siUoiouB, porous clays, which would fuse 
at a high temperature, and admit easily, when burnt in the 
ordinary way, cf being scratched with the knife, may be classed 
with the brick-earths. 

Terra-cotta is generally made either of pure day, which 
bums of a white or pale yellow colour, or from impure cl^, which, 
owing to the presence of oxide of iron, bums to some shade of 
I red. Much of the terra-cotta in England is made from clay 
found in the Coal Measures, called ^e-day, which occurs in 
beds under each seam of coal. The more recent days of Bor- 
setehire, from the neighbourhood of Poole, and those from the 
southern districts of Devonshire, are also frequently used, to- 
gether with the clay of Northamptonshire, for this purpose. 
We will glance in the first instance at a manufactory of terriL- 
cotta from fire-clay, which may fairly bo regarded as represen 
tarive of this class of wore. 

In almost every coal-field, without exception, lar^ quantities 
of fire-clay are raised annually, and carried to spoU as a waste 
product. The utilisation of these spoil-baaks probably led 
those interested in such matters to make experiments with the 
day, and they must soon have found how admirably^ it was 
suited for all purposes where great strength, durability* 
powers of resistixig heat were of value. In course^ of time 
brick- works and terra-cotta works become necessary adjuncts of 
many of our great collieries j and in this way, in the neighbour- 
hood of Glasgow, NewoAstle, Leeds, Tamworto, and n^y other 
colliery districts, large clay-works are now in operation. The 
fire-day, as it is dug, is hard and compact, of a greeiddi grey 
colour, sometimes almost black, has a very irregular shiny frac- 
ture, and an unctuous greasy feel, with liUle taste or smell. It 
is spread out in layers at the mouth of the pit, and picked or 
mokM into heaps— sudi pieces as appear brown and mottled 
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>>eiDg rojeoted aa oontaining iron, while thoee which haye a ddl 
Iraoture and feel erritty to the tonoh are put on one sideior 
ilrain-pipeS) ilre*briokfl, and the oommoneet Idnde of ware* Only 
the beet blight olay is naed for terra-cotta; and it ie thought 
Bome that it ie impro\red by being exposed during the wintw 
months to the action of the weather, which causes it to ** fall '* 
or split up into fragments, and thus renders the subsequent 
grinding a simpler and cheaper operation than cmthing the hard 
dry clay. We beliere that this latter advantage ie all that is 
gained by the weathering, 

To prepare it for use, the olay is crushed to a fine powder 
under an edge-runner, or by means of Carr’s disintegrator, or 
ffome simple crushing machine, and with it is ground up a 
cortadn proportion of some refractory substance, such as pre- 
viously burnt pottery, which may form from one-quarter to one- 
fifth of the entire mass. The degree of fineness to which this 
grinding is carried variea very considerably in different manu- 
factories and districts. The coarser ground olay seems on the 
whole to stand the firing the best, and to dry more rapidly 
than that which has been very carefully pulverised. We may 
here point out the object of adding to the fire-clay the broken 
pottery. It is done mainly with the view of counteracting the 
exoessive shrinkage to which aU tough, close-grained clays ve 
liable, as it is obvious that clays which have already been once 
fired have become oontraoted to the utmost, and therefore the 
addition of considerable quantitieB of them to the raw day 
tends to partially prevent it from shrinking. Another motive 
frequently given is, that ** grog," as it is termed, opens the 
pores of the clay — i.e., that ^ drying it fadlitates the expulsion 
of the water — ^it also uses up a waste product, saves a little fud,^ 
and, by giving a certain amount of unalterable matter, helps* 
to retain the day in the form in which it has been mould^, 
obviating thereby nndne oontortion under firing. For highly re- 
fractory goods, snob as fire-lnmps and fire-bricks, the materials 
are usually much more coarsely ground than for terra-cotta. 

The ground olay, then, having been, by a sieving or dressing 
process, separated into various degrees of fineness, the finer 
portions are passed by an elevator or otherwise moved into a 
pug-mill. Here the clay-dust receives the proper proportion of 
water ; and it is thought by some that better results are obtained 
by using hot water and steam than cold water alone. Wo 
believe that abroad it is naual to introduce into the water at 
this stage a small proportion of potash or soda ; and wo are con- 
vinoed that our English manufacturers, when using fire-day, 
might copy this practice with advantage. In mixing light 
powdery clay wijih water, there is frequently great diffiodtj 
in effecting a proper and uniform distribution of the moisture. 
This has been suooessfally overoome, however, by causing the 
mixture to take place on a large flat disc ; on this the ground 
day is gradually damped by numerous fine jets of water, with 
which it is brought in contact while it is gently spread and 
turned abont by means of revolving arms or scrapers. The 
wotting takes place on the outer portions of the disc ; and by 
the action of the scrapers the moistened material is slowly con- 
ducted into the barrel of a pnsr-mill, the orifice of which is 
immediately beneath the centre of the mixing table. 

On issuing firom the pug-mill, the olay is ready for imme- 
diate use ; but there is no doubt that by employing raiher more 
water than is now done, and placing the day for a time in tanks 
or pits, till the superfiaous moistare had evaporated, a mellowed 
and more plastic substanoe wonld be obtained. This, we may 
add, is a natural inferenoe from the advantages gained from 
slipping the days for the preparation of fine bc^es, which pro- 
oo^s we ehall refer to when we are treating of tiles. From the 
pug-mill the day is conveyed to the moulder op modeller, where 
it undergoes a further manipulation at the hands of a sturdy 
labourer, who outs from it repeatedly with a wire cutter portions 
as large as he can conveniently lift, and dashes them book with 
gl oat force on to the parent lump. This operation, called " wedg- 
ing," or "dapping," renders the day more homogeneous, and 
expels any luxmg traces of air and tmnecessary moisture. 

The moulds for terra-ootfca are, we believe, for all hand-pressed 
w(?rk, invariably made of plaster of Faria ; they are usually 
ab >ut two inches in thickness, and are therefm; for all but very 
modeiate-siaed pieces, very cumbroui and weighly affairs. It 
is unnecessary here to allude to the preparatto of the plaster 
of Paris, as it is not imw considered ahrandi of the terra-cotta 
mnaafsoturer’a business, thoui^ formerly it was onstemaay to 


boU the plaster-stone at the works. This material is, of oourse, 
owing to its power of rapidly solidifying on admixture with 
water, admirably suited for the moulder ; and it has, in addition 
to this setting power, a wonderful amount of porosity, which 
enables it to suck out the water from the damp day, and thus 
permits of its removal from the mould in a shorter space of 
time than any other qniok-settihg oament. It is a faot not so 
universally known as it deserves to be, that the less water used 
in mixing up or " gauging " the plaster the denser and hurder 
will be ^e resulting moiUd ; while plaster which has been mixed 
with a supnrabnndance of water, tiiough it sets apparently 
almost as rapidly as that with less water, is much more porous 
and spongy, and consequently has far less wear in it than if rt 
had been gauged stiffer. Plaster is, to a oertain extent, solnl^ 
in water — ab^t one part of plaster will dissolve in between 400 
and 500 parts of cold water—and the long continued action of 
the wet day, and the friction in forcing it in and ont, speedily 
wears away the surface of the mould. It seems strange that, 
with the knowledge we possess of the enbstanoes which will 
harden plaster, such as alum and borax, and with our numerous 
hard-setting oements, we have not found some better material 
for mould-making than plaster of F^ris, whidi forms no inoon- 
siderable item in the cost of the manufacture of potteiy. 

Before going into the question of the moulding of the day, 
it will be necessary to revert for a short time to the subject of 
shrinkage, and to its praotiool bearings upon the preparation of 
the models for any work in terra-cotta. The shrinkage has been 
floientifioally explained by assuming that on the expulsion of 
the water the partides of day meohani o ally re-arrange and 
distribute themselves over the space whidi it before occupied. 
Pure fire-day contracts between the time of going into the 
mould and issuing thoronghly burnt from the kiln as much as 
one-eighth of its lineal dimensions ; of this shrinkage, abont one- 
half takes place in its green or raw state, at ordinary tempera- 
tures, before going into the kUn, and the remaining half during 
the firing. By the admixture of some dej|nite proportion of 
previously burned day, or other unalterable sabstance, this con- 
traction may be, as we have already seen, considerably reduced ; 
and by this means some makers modify the total shrinkage to 
one-twelfth lineally. The difllonlty of thus artifiouUy reducing 
the contraction is that workmen are so oareless that the pro- 
portion of "grog" used is never twioe alike, and the scale 
adopted for the preparation of the models becomes thereby 
wholly unreliable. 

The plan we recommend in using terra-cotta is to send to the 
manufacturer a model of some plain moulding, and also one of 
a piece of highly-enriched work, requesting him to produce from 
moulds made on these models three spedmens in tenawx>tta of 
each. On the receipt of these pieces, together with the modds 
originally sent, it becomes possible by measurement and a 
system d averages to find out the exact amount of shrinkage 
for which aUowanoe must be made in the ware furnished by tiSw 
manufacturer, tf, for instance, the original model of the plain 
moulding was 16 indies long, and the average length of the 
three terra-cotta blocks from it is 14| inches, we find, by » 
simple rule-of-three sum, that for a block to be a foot long in 
terracotta it must be made in a mould 18| inohes long ; or, in 
other words, that the oontraotion of the day is inch in the 
foot. Having established this so-oaUed "scale of shrinkage," 
all that is neoessary is to provide for all the drawings a rule on 
which alengthof 18| inohes is divided into twelve parts, each one 
of which represents an inch ; and by this rule all the details for 
the terra-cotta manufacturer will have to be prepared. For any 
building in which large quantities of this materisl have to be 
used, not only the drawings, but also the modds for the work 
should be made under the immediate snperintendenoe of the 
architect ; and for this purpose a shed should be erected on the 
site of tiie works, where accurate plaster models for each kind 
of block may be made. By this means numerous difficulties 
and misanderstandings are avoided, and the ultimate cost of 
the ware is reduced ; as, if the m a nuf actorer has to niake his 
own models, at his own risk, he must put on a oertain per- 
centage for uncertainty and troahls. In fulfilling the wishes of 
his employers. 

We may suppose now that the modds prepared as we have 
doMribed have been received at the tnanufaototy* The fiigt 
step is to coat them with some materiel whidi wiU admit of 
tile ready withdrawal of tiie frseh plaster with which they wffl 
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luhte to be enorueted in forming the mould. Nothing c5onld be 
better for tiiis pnrpoee than clay water, or soft eoap and oil ; 
axid haring brushed them over with one or the other of these 
preparations, the work of moulding may at once commence.. 


THE ELECTRIC TELEGRAPH.— X. 

BRiaHT’S BBLIiS — POLARISED MAONKT — CHEMICAL TELE* 
QBAPH8-- BklH’S— BAKEWSLL'S COPYING TELEGRAPH — 
PAN-TRLBG UAPH. 

We explained in onr last lesson the manner in which an ordinary 
Morse instnimeBt may often be read by the sound alone, and also 
the special modifioation employed in America for this purpose, 
and known as the ** sounder.*’ An acoustic instrument is 
plaiiily a great advanta^, since, both eyes and hands being free, 
the message can be easily written down by the receiving rierk. 

Attention has therefore been directed to the construction of 
improved forms of aoonstio telegraphs, and the late Sir 0. 
Bright invented an instrument, known aiter him as “ Bright’s 
Bells,’* which, with various modifications, has been used on 
several linea In this two bells are employed, so selected as to 
produce notes differing by several tones, and thus to be easi^ 
distingniBhable. A single stroke on the one of these which 
produces the higher note is taken as the equivalent of a dot in 
the ordinary Morse alphabet, while a stroke on the other repre- 
sents the dash. It will thns be seen tibat only a single sound 
is required for each sign, instead of two, as is the case in the 
** sounder.*’ The signs are for this reason much more simple 
and distinct. 

In a oironit where there are two line-vrires, an aoonstio 
instrument of a very simple oonstmotion may be used. An 
eleotro-magnet may be oonneoted with each line-wire, and the 
hammers which strike the two bells may then be fastened to 
the keepers of the magnets. A yet simpler plan is to fix the two 
bells side by side, just space enough being left between them for 
one hammer to play on both. The keeper of the magnets is then 
fixed to the rod which supports the hammer, and the magxiets 
are placed one on each side of this rod so as to faoe one another. 
As so(m as either magnet is excited by the current passing 
round it, the keeper will be drawn to it, and the bell on that 
side will be struck. Two small spiral springs keep the hammer 
in a central position when no ourrent is passing. 

The need of two line-vrires is, however, a great drawback in 
this, since it entails much extra expense both for repahrs and 
mrintenanoo. Bright’s instrument was accordingly so oon- 
trived as to require but one. This was aooomplirii^ by means 
of a ** polarised magnet,” the principle of which must he care- 
fully understood, as it is often introduced in other pieces of 
electriosl apparatus. In an ordinary eleotro-magnet the core 
ooneists of a piece of soft iron, and is quite devoid of magnerism, 
except when the current is circulating round it. In the 
polarised magnet, however, the cores, instead of being fiaced to a 
pieoe of plain Iron, are placed on one end of a pennatteat magnet, 
n s (IHgs. ^ and 44). In this manner a permanent north 
polarity is imparted to the poles of each core. The keeper a h 
vibrates on a pivot at a, which u in oon|ttiinle4ti<Eft; 
other end of the magnet, and acquires se^ polarity^ It wHl 
thus be seen that the keeper has opposite tjhe: poles 

between wblob it plays, and is equally attraete^ hy' «nehj it 
remains therefore at rest midway between them. If now a 
positive current be transmitted along the line-wire, the slight 
polarity imparted to the oores by the permanent magnet will be 
quite overcome, d will then bmme positive, and c negative. 
^Hie keeper will tiiereupon be attracted by d, and at the same 
time reined by c, so that it will at onoe move towarde the 
former. If a negative current be sent, the poles vrill be re- 
versed, and the keeper will be attracted by c and repelled by d, 
and aooordi^ly will move in the reverse direorion. 

The application of this principle to some of the alphabetical 
telegrapba will be considered in a subsequent paper. The 
manner in which it is employed in the aoonstio telegraph will 
Gorily be understood. All that is Tequired is to fix a ^mmer or 
tongim to the ond of o b, and place the bells on each tide 
of this, so that a positive furrent will oanse it to strike one 
beU, and a nsgative the other *, or we may have an additional 
magnet to each hoU* end oaB the se into by means of oon- 


tact-springs placed at each side oi ah. The two bsUs may 
then be a little way apart. 

The commutator employed with the emgle-needle instrument 
may be employed to transmit the messages to this instrument, 
since it is so con- ^ 

We will now turn f ^ 

onr attention to I’hf* *4 

those forms of tele- 
graph instruments in which the property possessed by the eleotrio 
current of decomposing various ohemic^ substances is turned to 
aoooount. 

As the student is already aware, very many compounds msy 
be decompoaed ot separated into their oomponent parts by 
means of the electric current ; some even which resist almost aU 
other agents may in this way be tom asunder. Now if we can 
choose any snbiteaees which vrill by their decomposition leave 
a stain on a strip of paper, it is clear wo may by means of these 
transmit intelligible signs along an insulated wire* 

A simple experiment vrill iUnstrate this prindple. Take a 
sheet of white blotting-paper, and having wetted it well with a 
solution of iodide of potaesinm, lay it on a metal plate — as, e.g., 
a sheet of tin— connected with one pole of a galvanic battery. 

Now move the other battery vrire about over the surface of 
the moist paper, and it vrill be found that a distinct brown 
mark vrill be pranced wherever the vrire has touched. The 
reason of this is that the iodide of potassiom has been deopmposed 
by the eleotrio enrrent, and the iodine which existed in it in a 
state of combination has been set free and stained the paper. 
The marks produced in this way are, however, fugitive, sinoe as 
the paper dries the iodine evaporates, and soon disappears. 
There are, however, several other solutions which produce per- 
manent marks. T^t most commonly employed is a solution of 
ferro-oyanide of potassium and nitrate of ammonia. The paper, 
which must not be glazed, is cut into strips, and after being 
wetted with this, is made to pass under a steel point, being 
carried onvrards by rollers as in the Morse instrument. The 
ouzrant then passes through the steel point, and whenever it so 
passes a blue stain is pri^uoed on the paper, the iron of the 
style or point being slowly dissolved, and oombining with the 
salt of potassium under the influence of the eleotrio current. 

In other oases the paper is prepared with starch and iodide 
of potassium, and in tide way too a very clear blue .mark is 
produced. Now we must see in what way this power is made 
use of in rsoording a message. 

The simplest form of chemical telegraph is that introdnoed by 
Bain, and the action of the receiving apparatus vrill be eaaUy 
understood by Fig. 45. The line-vrire L is oonneoted vrith the 
iron style 8, which pEesssE against the metallic roller B. Ilua 
roller m in communicaticii with the earth-plate s. 

The slC^ of pr^pimd paper is drawn onwards towards B hy 
EMaam «C4I^ EtOenN) a, giid ia thus made to peas ataadily along 
rbfriweqn the peinke end the roller b. The message is trana- 
sitted by the erdinacy key, or by means of a relay, and is thus 
dhendoally 

printed on ^ 

the strip Mj-rdL 

instead of ^ 

being em- O 

inked. flHHI V 

The re- 

oeiving ap- * ^ 

. 

plified, but E 1 

there is — * 

much more trouble required in preparing the paper, so that on 
the whole little is gained by the adoption of thia^ plan. This 
recording apparatus was first introduced by Bain for use with 
his aystm A autoiuatio tnmeminrion refenred to in onr laat 
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paper, and it certainly poMeseee the advantage cf great eim- 
plidtj of oonstmoti^ in the apparatna. In hk original 
arrangement a disc of prepared paper vras employed in place of 
a atrip, and the atyle waa ao arranged that it trarelled 

from the centre to the oironmferenoe aa the disc rotaM. Thua 
t^e meaaage waa traced in a spiral line commencing at the 
centre, and gradually extending to the circumference. ^ 

There are two very remarhable forma of ohemioil tde- 


onrrent passes through the tinfoil, and the pointer which rests 
on it, then along the line-wire to tt« distant station, and ^ere 
it oommenoea to trace ita spiral line. Aa soon, however, aa a 
line written in the varnish comes under the pointer, the current 
is momentarily interrupted, and a correspon&g blank is left in 
tiie paper at the other end. In this way every line of the 
message is faithfully reproduced, and the message appears at 
the receiving end distinctly written in white letters on a blue 


graph which we must now ex- 
plain. In all instruments 
Mtherto described the message 
has been transmitted in cipher, 
that is, by moans of some ar- 
bitrary signs only intelligible 
to the initiated. In the instru- 
ments we are now speaking of 



ruled ground. Fig. 46 repre* 
sents words ** Bakewell’s ** 
as received by an instrument of 
tiiis kmd. 

If desirable, a relay may be 
introduced into the circuit so 
arranged as to reverse the 
writing, and trace it in blue 


the message is received in or- 
dinary written characters, and ‘ 
even the handwriting of the 
sender is reproduced. It is, in 
fact, possible to go oven further 
than this, and to transmit a 
drawing or a i>ortrait by means 
of these ingenious arrange- 
ments. 

The operation of these instru- 
ments may very easily be under- 
etood. In the former of them, 
which is known after ita inven- 
tor as Bakewell's Copying Tele- 
graph, two cylinders of the 
same dimensions are employed, 
one being placed at each station ; 
these are made to revolve at 
exactly the same rate. A con- 
siderable difficulty waa at first 
experienced in attaining this, 
but by means of an electro- 
magnetic regulator Bakowell 
succeeded in overcoming it. 
These cylinders are put in elec- 
trical communication with the 
earth at their own stations, and 
a metallic pointer is placed at 
one side of each cylinder. This 
pointer is moved slowly along 
by means of a long screw, so 
that for each revolution the 
cylinder makes the pointer ad- 
vances about ono-twentieth of 
an inch. The pointers in the 
two instruments are put in eloc- 
trioal communication with one 
another by means of the line- 
wire, the battery being inter- 
posed in the oiro^t. 

A sheet of paper prepared in 
the manner alr^y described 
is now placed round the cylin- 
der of the receiving apparatus, 
and it is clear that a oon- 
tinnouB current is allowed to 
pass a spiral lino will be traced 
from one end of the cylinder 
to the other, the different lines 



Fig. 47. — CASET.Ll’S PAN-TKUKaKA!*H. 


letters on a white ground. The 
connections in the relay must 
in this case be speciidly ar- 
ranged, so that when the line- 
ourrent is passing, the local one 
is interrupted, and vice versd. 
There is, however, little need 
for this alteration, as the mes- 
sage received in the ordinary 
plan is quite legible. Consider- 
able speed can be attained by 
this instrument, which is cer- 
tainly a very remarkable one, 
but the difficulty of ensuring 
the synchronous movements^ of 
the barrels is a great drawback, 
and it has not been employed 
except for experimental pur- 
poses, and to illustrate what 
can be effected by means of the 
telegraph. 

Another instrument of this 
class was invented by the Abbe 
Caselli, and was called by him 
the Pan-telegraph, on account 
of its power of transmitting in 
any language, or even, if needs 
be, in short-hand. 

The annexed figure (Fig. 47) 
shows its construction, and it 
will at once bo apparent that 
it acts in a very similar way to 
Bakewell’s instrument just de- 
scribed. In place of the cylin- 
ders there used, there are here 
two curved tables fixed to the 
stand, and on one of these the 
message is written. The pen, 
which is mounted so as to travel 
in an arc, moves from side to 
side of these, and advances a 
short distance at each motion. 
Its movements are controlled 
by means of a rod connected 
to the pendulum. 

The pendulums at each sta- 
tion are similar in length and 
weight, and their movements 
are oontrolled by the eleotro- 


very nearly touching. When the paper is taken off from the 
cylinder and unrolled, it will be found to be ruled across with 
close parallel lines. interruption in the current will, of 

oourse, oause a break in these lines, and leave a white ap(^ ; 
and by duly arranging these spaces, letters or any required 
marks may be produced. Now a very simple plan was devised 
by Bakewell for thus interrupting the current so aa to prodnoe 
the required letters. ^ The message to be sent is written with a 
non-oonductmg vamieh on a sheet of silvered paper or tinfoil 
the same sise as the receiving sheet of paper. When the 
varnish is dry, this dieet is plac^ in cylinder of the trans- 
mitting apparatus. The pointer ol eaoh instrument is then 
brought to the end of the cylinder, and both are started. The 


magnets seen at the base, so as further to ensure abMlute uni- 
formity of speed. Two tables will bo seen at eaoh side of the 
inBtrument-~ihoee to the left are for transmitting ^e messages, 
those to the right for receiving them. The reason of there 
being two tables is that one is tmed as the pendulum oscillates 
from left to right, the other as it returns. Two messages are 
thus sent simultaneously. Either set may be called into action 
by connecting the loose rod under them to the centre of the 
pendulum. In the figure the receiving side is at work, the 
other rod being disconnected. The alarum is placed above the 
transmitting apparatus, and the rest of the details of this in- 
genious foorui of the electric teUgraph may easily be understood 
ffom the figure itself. 
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CIVIL ENGINEERING.-^VIII, 

BT B. a. BABTHOLOMBW, C.B., U.8.E. 

DOCKS. 

Thbbb ftre a varioty of important enfirineenniT operations which 
require to be oarri^ on either beneath or oontiJ^oTiB to water. 
Special plans of action fure required for such operations, and wo 
propose to group the whole together under the general title of 
marine enginee^g. The subject of this paper stands foremost 
amongst this class of operations, and to no country in the world 
are they of such importance as to Great Britain ; not only on 
account of the nature and extent of its coasts, but also on 
account of its gigantic commercial navy. Whereyer its fleets 
of yessels congregate, either for loading or discharging, there of 
necessity will our most extensiye docks be found. 

Docks are cf two kinds, wet and dry. In deciding upon the 
formation of h do<^, the nature of the soil must engage the | 
most careful and pa^oular attention of the engineer — not, it 
may be, with the idea of changing the locality if the soil be ' 
unsuitable, but in order to be prepared for every difficulty j 
which may arise in respect of the soil. The^ area of the pro- 
posed dock is a material element in considering the cost, and 
whilst upon the one hand it is useless to incur unnecessary 
expense in this respect, it is equally important, upon the other, 
to prepare for what may arise in consequence of a probable 
increase in the trade of the port. 

^e more important features in the construction of a dock | 
ore — (1) the wallst (2) the gateSf and (3) the 
approaches. The height of the walls — ^that is, the 
depth of the dock — must depend entirely upon the 
draught of the vessels which con enter at the 
highest spring-tide ; in other words, it must assimi- 
late itself to the natural depth of water outside the 
artificial entrance, so that any vessel capable of ap- 
proaching the entrance from withont, under any . v ^ . . 

circumstances of tide, can be sure of passing over 
the sill of the gates, and of floating when inside the 
dock. 

The walls of docks require the utmost care in 
their construction. The soil must undergo a very 
careful examination by excavation and trial borings, 
and the foundations laid at sufficient depths— 
not less than six or seven feetr'below the soil, so 
as to prevent the possibility of any disturbance of 
it by the movement of the water, the footings 
being protected by rows of piles and planking. 

In some situations it may be necessary to pro- 
vide for the proper escape of land water, other- 
wise there is the risk of either its washing away the soil and 
exposing the foundations, or of its thrusting the entire wall out 
of its normal position. The best method of doing this is to 
load the water by a formed channel, dredged out at a sufficient 
distance from ihe wall. The outer and more exposed walls 
should have considerable slope, which should be increased 
according to the extent of the exposure ; this especially applies 
to walls exposed to the sea. '^en dock walls are exposed 
upon one side to tidal waters with only a small amount of 
soil intervening, it is necessary that the back face of the wall 
should be puddled with clay, since the pressure of the enclosed 
water at low tide has been sometimes known to force itself 
through the wall and bank. 

It seldom occurs that the soil upon which a retaining wall 
has to be built is sufficiently firm to permit of piles being dis- 
pensed with. The whole of the foundations of the Humber 
Dock wall are piled, the piles being 9 inches square under the 
main wall, and 8 inches square under the counter-forts, which 
are 8 feet 9 inches wide. Sleepers of half-timber are bolted down 
upon the heads of the bearing piles, and the whole covered with 
four-inch planking, walls have a perpendicular height of 

32 feet, the.,top receding 6 feet 8 inches from the vertical line. 
This recession is shown in Fig. 14. 

The walls are 10 feet thick at the bottom, and 4 feet 6 
inches at the top, and are protected by oak fenders 12 inches 
square. 

In all oases of walls oonstmoted in the sea or in deep rivers, 
the foundations require the greatest care. In constructing the 
bridge at Neuilly, Perronet laid over the heads of the piles a 
piece of whole timber^ and filled it up level with rabble; 





another series of timbers of the same scantling was laid in a> 
transverse direction, and again brought level by another filling- 
up of rabble, and the wall built upon it. Similar precautions 
were adopted for the walls of the docks at Rochelle, which 
were fao^ with freestone and backed in with brick, whilst a 
row of sheet-piling was driven along the whole length of the 
fating, to prevent the water from acting upon the founda- 
tion. There are various methods of attaching the upright 
fenders to the walls of docks ; one very secure plan is to 
attach them by spikes and angle-irons to, T-irona set in the 
solid masonry. 

Instances occur, as at Brunswick Wharf, Blaokwall, in which 
the wall facing the water is constructed wholly of iron. The 
mode of procedure was as follows : — A trench six feet in deptii 
was dug along the intended line, and timber piles driven 
therein. The iron piles may be in one or more lengths. If 
the latter, as was the case at Blackwall,they are fastened together 
by a socket-joint and screw-bolt. They are usually driven at 
intervalH of about seven feet, and the intermediate spaces 
filled in with sheeting-piles, which are secured at the top by two 
bolts to the top wall of the wood-work at the back. The iron 
plates which fiQl up the spaces over the sheet-piles were bolted 
to the main piles and to each other, and the joints stopped with 
iron cement. At Brunswick Wha^ the work is backed by a 
wall of concrete, and has a granite coping. Upwards of 900 
tons of iron were employed in the construction of this wharf, 
which is 720 feet long. 

The gates of docks are in principle the same as 
those already described in connection with canals, 
but being as a rule very much larger, they differ in 
points of detail. They are not unfrequently con- 
structed of iron. In all large gates it is usual to 
rest the foot of the gate upon a curved traverse 
plate of iron, by a wheel running on centres fixed 
to the gate itself, the iron traverse being bedded 
level into the stone apron. 

The balance lever is also dispensed with, and the 
gates opened and shut by ohidna running through 
holes out in the masonry of the side walls, and 
passing over friction rollers up to a windlass. The 
chain may be endless, care being taken to obtain 
sufficient grip on it, by passing it a number of 
times round the barrel of the windlass. A fine pair 
of iron gates are to be seen at the wet dock at 
Montrose. The entrance to the dock has a width of 
55 feet in the clear, the centre of the heel-post being 
recessed 12 inches within the face of the wall ; thus 
each gate is 28 feet 6 inches wide, and 22 feet 
6 inches high, '^en closed, the line of shutting is 10 feet 
from tho straight line which joins the centres of the heel- 
posts. These latter are 21 inches in diameter, and in section 
a little more than a semicircle ; they were turned in a lathe 
after casting. Their thickness is li inch, and they are 
made to fit into a cast-iron socket, and work on an iron 
gudgeon 10 inches in diameter, oast on a plate 4 feet 6 inches 
long, 21 inches wide, and 2 inches thick. This plate is dove- 
tailed and riveted firmly into the stone, and keyed so as 
to press the curved side of tho heel-post into the quoin. 
Hie quoins are out to the same curve as the heel-posts 
and are polished, and the contact between the stone and metal 
surfaces is so close, that scarcely any water is able to pass 
between. The mitra-posts are 18 inches broad, and 14 inch 
thick. They ore cast with holes to receive the iron bars, which 
are eleven in number, 2 inches thick, 16 inches broad at the 
ends, and 18 inches in the middle. Across their ends are 2* 
inch plates with 44-inch screw-bolts, two bolts to each bar, 
which pass through the heel and mitre posts. Tho sills against 
which the gates close are of iron, oast in four pieces 8 ^ohes 
deep. The bottom rail of the gates is of oak, fixed to tho 
lowest iron rail by ll-inch bolts, and bedded to it by a layer of 
felt. The oak rail is 12 inches thick, 17 inches broad at the 
ends, and *19 inches in the middle. Hbe gates have a double 
lining of boiler-plate, the plates overlapping each other 24 
inches. They are j-inch tiriok for the first 6 feet from the 
bottom, and ^-inch thick above. The collars supporting the 
heel-posts are of wrought iron, 4 inches deep and 2 inches 
thick, keyed through &e anchors; tliese are of cast iron 34 
inches square, dovetailed into the quoins and run with lead. 
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The onrved traverBO plates are 10 inohes broad and 4 inches j 
thick, snnk into the stone and bolted, and bedded with felt and ! 
white lead. The rollers upon which the gates rest are of cast ' 
iron, 18 inches in diameter and 5 inches thick, running upon 
steel axles. The roller-boxes are of oast iron inch thick, 
and fastened by screw-bolts through the sides of the lowest 
rail. The sluioos are 8 feet by 2 feet, and the sluice-valves 
are IJ inch thick. The rods for raising and lowering the 
valves are 2 inches diameter, terminating at top in a square- 
threaded screw with brass nut, worked by a wheel and pinion 
and crank handle. The chains for opening and closing the 
gates are {-inch, proofed to a strain of 22,000 lb. The entire 
weight of each gate is about 53 tons, and when closed and the 
water away from the concave side, they conjointly support a 
water-pressure of about 384 tons. 

The entmnoes to docks are sometimes closed by means of 
pontoons, which are large hollow vessels fitted with a kind of 
keel or projection round the sides and bottom. This keel corre- 
sponds with and fits into a recess out in the stone-work of the 
entrance. The water being withdrawn from the pontoon by 
pumps attached to it, it can be floated over the recess, and if 
then gradually filled with water, it will settle down into it and 
effectually close the entrance. Pontoons are constructed either 
of timber, copper, or iron. There is only one objection to their 
use, which is the necessity for their being floated entirely 
away when a vessel requires to pass the entrance ; in other 
respects they have an advantage over gates, both in simplicity 
of construction, and freedom from the wear to which large 
gates are subjected. They may therefore be employed with 
advantage in closing dry docks, which do not require to be fre- 
quently opened and shut. 

It would bo useless to enumerate all the very excellent docks 
which this country possossos, but some of the more Important 
deserve a short notice, possessing as they do points both of 
interest and instruction. First in importance are the many 
extensive docks and basins situated upon the banks of the 
Thames, and communicating with the river. 

The London Books, completed in 1805, were amongst the 
first opened. These splendid works were executed under the 
supervision of Mr. Bennie, and occupied five years in construc- 
tion. They have two entrances, one at Wapping, and another 
higher up the river at Hermitage. The entire area within the 
boundary walls is about 71 acres, of which 27 acres are water. 
A vast amount of water percolated into the excavations, re- 
quiring the constant use of an engine of 20 horse-power to keep 
it under. 

The East India Bocks, the works of which wore executed 
under the direction of Mr. Bennie, consist of two docks, the 
export and import, and a basin, having an area respectively of 
10, 19, and 8 acres, with a depth of water of about 26 feet. 

The West India Bocks consist of two docks and two basins. 
The docks lie parallel with each other, and ore 890 yards long, 
the larger being 500 feet broad, and the smaller 400 feet broad, 
and contain respectively 30 and 25 acres. The basins form 
connections between the river Thames and the extremities of 
the docks, and are respectively 2 and 6 acres in extent. The 
water in the basins is nearly the same level with that in the 
docks, and the length of time the water remains in them before 
passing into the docks, enables the sediment to be deposited in 
them. 

'Ihe St. Katherine’s Bocks were constructed under the direc- 
tion of Mr. 'J'elford, in 1828. Although not so extensive as 
some of the others upon the Thames, they are yet very complete 
in their arrangements. The look by which they communicate 
with the river is 45 feet wide, and 180 feet long. There is a 
depth of water over the sills of 28 feet at spring-tides, and of 
10 feet at low springs. The water-area of the docks, basin, and ^ 
entrance is 11 acres. The water is readily maintained nt the | 
same level in tho docks and basin, by moans of two steam- 1 
pumps of 80 horse-power each, which draw their supply from 
the river. Tho soil upon which the walls of these docks are j 
built is a hard gravel, which being pervious to water, it was 
necessary to line the wliole of the bottoms of the docks, and the 
foundations of the walls and counter-forts with impervious 
eomeut, and to puddle the backs of the walls with clay. The 
concrete jpon which the walla stand is composed of eight parts 
of coarse sand and one of blue lias lime, and was laid on 12 j 
inches iit thickness. A sill of wood laid under the front i 


edge of the wall, and protected by a row of sheeting-pileB 14 
feet long and 9 inches thick, driven close and ha^g their 
joints caulked for 8 feet in depth. The entrance look is built 
of grey stock bricks, laid in mortar made with lias lime, and 
the platforms, copings, and hollow quoins of Bramley Fall 
stone laid in cement. 

Whenever practicable, it is advisable to keep a harbour free 
from mud by sluicing. Hartlepool affords a good example of 
this system. Th^ channel for conveying the scouring water is 
a tunnel 15 feet wide and 4 feet high, between the springing of 
the top arch and invert. The thickness of the side walla is 54 
feet, protected by external buttresses 34 feet thick, and 4 feet 
projection. The tunnel throughout is floored with 3-inoh 
plank. The sluice-gates or paddles are of oast iron, and work 
in cast-iron frames. 

The retaining walls of the Hartlepool Books have a curved 
face, being 12 feet wide at the base, and 6 feet at the top. The 
curve represents an arc of a circle, having a radius of 80 feet. 

The most magnificent and extended range of docks in the 
world is situated at Liverpool, upon the north bank of the 
Mersey. Upwards of thirteen spacious docks are colleoted at 
this port, exclusive of basins ; of which eight are connected 
together by looks, whilst another group of four lie to the oast 
of the others, these also being connected together by locks. 
There are altogether nine separate entrances from the river. 
The first dock was constructed here in the reign of Queen Anne, 
and is called the Old Book ; and the others have followed in 
rapid succession, so great has been the increase in the shipping 
of this port, and the consequent demand for dock aooommoda- 
tion. The Old Book measures 198 yards by 85 yards, and is one 
of the smallest of the whole. Another, the West India Bock, 
measures 867 yards by 170 yards, and is 29 feet deep; this 
alone will hold nearly 300 ships. The several docks are con- 
nected by scouring tunnels and sluice-gates. The operation of 
sluioing is exceedingly effective and simple. A dock about to 
be cleaned is loft dry at low water by closing the gates, and 
the various sluice-gates being opened, a number of men with 
shovels enter the dock, and throw the accumulated mud into 
the channels formed by the sluices, which carry it out into tho 
river. Tho spring-tides rise to a height of 33 feet at Liverpool, 
and at this period there is a depth of 89 foot in the channel of 
the Mersey opposite the docks. The quays alongside the docks 
are very extensive and well constructed, and to facilitate the 
shipment and unshipment of goods, a continuous line of rails is 
carried along the north side of the docks from east to west, and 
connected with the great railway system of the country by 
branch lines. A complete system of telegraphic communication 
also exists between the various docks and the Custom House. 

Very extensive docks exist at Bristol. A company was 
formed in 1804 for constructing docks at this port. They 
cover 82 acres of ground, and extend along the banks of tho 
river Avon for 24 miles. The engineer, Jessop, subsequently 
diverted the river for a length of two miles, and cut a canal to 
carry off the water. The channel thus drained was converted 
into a splendid floating dock of 70 acres’ area, having an 
entrance basin opening by double looks into the Avon below, 
and by a single lock into the old channel above. 


SEATS OF INDUSTRY.— X. 

BRADFORD. 

BT WILLIAM WATT WEBSTER. 

About eight and a half miles to the west of Leeds, and thirty- 
four miles to the south-west of the city of York, stands Brad- 
ford, the ohief centre of the worsted manufactures of England, 
and. the principal mart for the long wools used in worsted 
fabrics. The site on which the town is built is exceedingly 
healthy, as is proved by the low annual rate of mortality ; and 
the surrounding district is very fertile, and yields an abundant 
supply of coal and iror. From the circumstance of Boman 
coins having been found in the refuse of an ancient bloomary 
in the neighbourhood, it is believed that the iron mines were 
worked by the Bomans during their occupation of the island. 
But before the Norman conquest nothing is known respecting 
Bradford except that it formed part of the parish of Bewsbnry, 
and its earlier history is entirely associated with the castle of 
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the Laoeys, Lords of Pontefract, which was erected there shortly 
after ihat event. 

The loosely spun woollen yam called worsted received its 
name from the little town of Worstead in Norfolk, where it was 
xnannfactnred as early as, and probably before, the time of 
Edward II. At what date this industry was finst introduced 
into Bradford cannot be ascertained. In the Act 33 Henry 
Vni. 0. 16, worsted yam is described as “ the private com- 
modity of the oity of Norwich;** while the Act 84 and 35 o. 10 
of the same monarch, after declaring that the city of York 
afore this time had been upholden principally by making and 
weaving of coverlets, and the poor thereof daily set on work in 
spinning, carding, dyeing, weaving, etc.,*’ and that the manu- 
iacture having spre^ into other parts was “ thereby debased 
and discredited,** enacted that henceforth “none shall make 
coverlets but the inhabitants of the city of York.” At this 
time Bradford almost rivalled Leeds as a woollen cloth-making 
centre, but both towns were surpassed by Wakefield, and 
worst^-making was one of the special occupations of the in- 
habitants of Bradford, although Norwich was then the chief 
centre of the manufacture. Owing to the settlement of Flemish 
iUtisans in Norwich, in the reign of Queen Elizabeth, and the 
improvements they introduced, the worsted trade of Bradford 
declined during the seventeenth century, but throughout the 
greater part of the eighteenth century it was gradually return- 
ing, in consequence, it is said, of the extravagant wages de- 
manded by the workmen of Norwich, which drove the masters 
to the cheaper labour market of Yorkshire. However, in 1800 
the population of Bradford only numbered 6,400, 

The only events of any great political importance connected 
with Bradford took place during the Civil War, when the in- 
habitants espoused the cause of the Parliament, and twice 
defeated the Royalists, but were themselves afterwords de- 
feated by a force under the command of the Earl of Newcastle. 
With these exceptions the history of the town is wholly in- 
dustrial, and the period of greatest interest is the last eighty 
years. Bradford has increased and prospered as machinery has 
been more and more apx>lied to the branches of manufacture 
cultivated in the district ; but it was with the greatest difficulty 
that this advance was made, owing, in the first instance, to the 
opposition of the townspeople generally, including the manu- 
facturers, and, in later instances, to the opposition of the opera- 
tives. In 1798, a Bradford raanufactuVer named Buckley 
wished to erect a mill to bo driven by steam-power, but desisted 
in consequence of being threatened by his neighbours with a 
prosecution for nuisance. In the following year the first 
spinning machinery of Crompton's make was started by Janies 
Garnett, the founder of one of tho largest manufactories in the 
kingdom, and within ten years after several thousands of spin- 
ning machines were in operation in the town. The extension 
of maohinery placed the workpeople at a disadvantage for a 
time, and, under tho mistaken impression that their condition 
would be permanently injured, they resolved on the destruction 
of the novel inventions. A great riot took place in 1812, which 
was quelled by the military and tho police, and seventeen 
“ Luddites,” as the rioters wore called, were condemned to 
death and executed. But the machinery wont on increasing, 
notwithstanding tho antipathy of tho workers, and by 1815 there 
were ten mills in Bradford, with an aggregate of 2.56 Korse- 
power. In 1825 the number of mills was twenty-six, and the 
horse-power had risen to 706. The workmen, however, were 
not yet reconciled to the change in the system of manu- 
facture, and in this year 20,000 persons engaged in a strike 
for increased wages, which lasted six months, and caused wide- 
spread suffering. In 1826 another organised attempt was made 
to chock the spread of the obnoxious machinery by force. A riot, 
specially directed against the worsted power-looms that had 
been recently introduced, broke forth, in the course of which 
two of the rioters were shot dead, and several severely wounded, 
by the defenders of the factories. After this occurrence the 
opposition to maohinery seems to have gradually subsided, and 
in 1835 there were in Bradford 73 mills, wilh a steam-power 
^ual to 1,647 horse. Thirty years ago the worsted factories 
in Great Britain numbered 525, and gave employment to 87,794 
persons, and no fewer than 186 of those factories, employing 
30,517 persons, were situated in the town and neighbourhood of 
Bradford. Since then very marked progress has been made. 
Within the past few years many merchants from Leeds and | 


Manchester have established their head-quarters at Bradford^ 
and the town has been greatly unproved in many respeots and 
considerably extended. 

The population of the town and parliamentary borough of 
Bradford has steadily increased throughout the present century. 
In 1831 Bradford contained 23,233 inhabitants; in 1841, 
34,560 ; in 1871, 64,440 ; and in 1886, 220,000. The town- 
ships of Monningham, Bowling, and Horton, and the villages of 
Great and Little Horton, are included within the Parliamentary 
boundary, which in 1841 comprised 66,508 inhabitants, and in 
1871, 145,830. The Reform Bill of 1885 gave throe representa- 
tives to Bradford, and the date of incorporation is 1847* The 
town is built of free-stone, and partly on the side of a steep 
hill, some of the streets overlool^g the houses in the lower 
parts. The streets in the older quarters ore narrow, bnt tho»s 
more recently constructed are broad, well-paved thoroughfarei^ 
and constitute the larger portion of the town. Braiiford enjoys 
facilities of communication with the ports on the oast and west 
ooasta by means of the Leeds and Liverpool Canal, a branch of 
which has been brought into the very centre of the town. 

Besides worsted stuffs, mixed worsted, alpaca, and mohair 
goods are manufactured on an extensive scale at Bradford. 
Cotton and silk fabrics also form important branches of in- 
dustry in the town, and tho spinning of worsted yarn, to bo 
woven in tho power-loom factories, and for export, employs a 
large number of persons. Broad and narrow cloths, wool- 
cards, and horn combs are also made in large quantities in the 
town and neighbourhood, and the dye-works are very extensive. 
The Lowmoor Iron Works, three miles soiith-oast from Brad- 
ford, and the Bowling Iron Works, one mile to the eastward of 
the town, are large establishments, celebrated for the quality 
of the iron they produce ; but this manufacture, although ocm. 
siderablo, is not so extensive as might have been expected. 
But the most famous and the largest manufacturing conoeni in 
the vicinity of Bradford is the Saltairo Alpaca and Mohair 
Works, situated on the Aire, at a distance of about three miles, 
and which form, with tho residences of the workmen and otliers 
employed in the works, a flourishing town which is fast rising 
into importance. 

About 1834 Mr. (afterwards Sir) Titus Salt, a young farmer, 
and tho son of a Leeds wool-stapler, settled in Bradford as a 
spinner, and shortly after began to make experiments with a parcel 
of alpaca wool that had been sent to this country from Peru many 
years previous to that date., and had been laid aside in a Liver- 
pool warehouse as useless, unworkable material. In 1835 Mr. 
Salt bought 300 bogs of the “ South American stuff,” at eight- 
pence per pound, and set to work to manufacture it. By 1863 
upwards of 2,000,000 pounds of alpaca wool, the greater part 
consigned to Mr. Salt, had been imported into England, and in 
that year ho built the Saltoire Mills and the adjoining town, 
which is capable of accommodating 5,000 persons. Upwards of 
4,000 workpeople are employed in the Saltairo establishment, 
which covers ten acres of ground. The town itself, with its 
various institutions for the health, recreation, and instruction 
of tho inhabitants, may be regarded as one of the best models 
of a well-regulated industrial community that we iiossess. 

Bradford contains a free grammar school, founded in the 
reign of Edward VI., and chartered and partly endowed by 
Charles II., which was rebuilt in 1830. This school is open to 
all boys belonging to the parish, who may become candidates 
for an exhibition iu Queen’s College, Oxford. On the outskirts 
of Bradford is Airedale College, an institution for the prepara- 
tion of young men for the Independent ministry, and at Little 
Horton the Baptists have a similar academy. At Woodhouse 
Grove the Wesleyan Methodists have a school for ministers* 
sons, and at Fulnock, five miles to the east of Bradford, there 
is a Moravian settlement. Among the public buildings tho 
most prominent and noteworthy are the Piece Hall, built in 
1773, and used for the exhibition and sale of alpaca and other 
stuffs ; the Court House, built in 1834 ; and St. George’s Hall, 
an edifice the Corinthian order of architecture, erected in 
1853 at a cost of Je28,000, and capable of accommodating 
3,350 persons. Bradford has also a fine public park. There 
are three important annual fairs held at Bradford, and the wool 
sales are attended by buyers from tho most distant parts of the 
country. Every seventh year a festival in honour of Bishop 
Blaise, tho reputed inventor of wool-combing, is celebrated in 
tho town with great gaiety. 
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WEAPONS OF WAR.— X. 

BY AN OFWCEB OP THE BOTAL ARTILLXBT. 

ABTILLEttY CABBIAGES. 

Hatinb alrdady given an account of the varionB natnrei of 
guni which the present state of artillery science recognises as 
best adapted for oflhnsive and defensive purposes, we proceed to 
consider the mechanical appliances external to the gun itself, 
which are designed to complete its efficiency as a t^ in the 
soldier’s hand. All such appliances are embodied m the gon 
carriage, its furniture and accompaniments. These in the field 
artillery would include the limber, ammunition w^on, and 
other vehicles ; and, in the garrison or naval artillery, the 
platform or slide on which the carriage is worked. 

Too much importance cannot be attached to the object of 
perfectiag the carriage with its equipment. Indeed, it is im- 
possible to overrate its value. Upon the completeness of the 
carriage the gun depends for the due development of its de« 


been necessarily exerted to a greater extent than in the latter* 
with a view to ensuring, under the more difficult conditions of 
ship-board, an equally perfect control over the guns with that 
which is obtained on land. 

Without entering too minutely into manufacturing details, it 
is proposed to review the general principles which must be 
followed in the construction of the two classes of carriages 
above mentioned, showing also how in obedience to these prin- 
ciples the present forms have come to be adopted. 

CARRIAOSB FOB FIELD ABTILLERT. 

The principal conditions to be fulfilled in a field artillery 
carriage are — 

1. That it shall furnish a convenient and secure support to 
the gun, both when in action and when travelling. 

2. That it be of a form easily handled and manageable, to 
give direction to the gun when in action. 

3. That it be adapted for rapid movements, in conveying the 



struotlve power. We may accept it then as an axiom, that the gun not only over good roads, but also over rough and broken 
carriage oompiote should be so constructed as to qualify the country. 

gun effectually to cover with its fire the most extended area 4. Ihat provision be mode for an ample supply of ammu- 
of country in the shortest period of time which the surround- nition and stores, easily accessible to the men serving the gun ; 
izig conditions and the highest attainable meobanioal skill also that provision be made for the conveyance, when necessary, 

will render possible. Xt will be readily understood how of a proportion of these men. 

large a field of experimental research must have been ex- 5. That its construction shall be sufficiently strong and durable 
plored in seeking a satisfactory realisation of these require- to resist the statical and dynamical strains and varieties of oli- 
ments. matio action to whion the oontingenoies of warfare may expose it 

To adopt a simple method of classification, all artillery oar- 6. That it shall admit of behog readily taken to pieces and 
nages may be included under one of two beads, according as conveniently stowed on board ship, a condition which is peculiar 

they are intended for “ field ” or ** garrison ” service. Ibese to the military carriages of our country. 

two chief denominations divide themselves into several sub- With respect to the first condition, as field guns have 
ordinate varieties, such as carriages for mountain warfare, for trunnions, a very simple form of carriage can be adopted ; all 
guns of position, and siege artiUery — ^the two first of which are that is needful, so far as the connection between the gun and 
closely allied, as regards general construction, to field artillery its carriage is concerned, being a frame supporting the trunnions 
carriages proper ; and in the third we find some natures assimi- in such a manner as to allow the gun freedom to rotate about 
lating to field, and others to gfarrison carriages. their axis through a sufficient angle for any elevation or depres- 

The broadside and turret carriages of the Eoyal Navy, too, sion that may be necessary in laying it. This is secnred*by 
in their general features resemble some natures belonging to providing semi-ciroular trunnion-holes on the upper surfaces 
garrison artillery i though in the former mechanical skill has of two cheeks or ** brackets,” which are separated ahovE from 
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eacsli other at euoh a dietanoe as will 
just allow of the working freely be- 
tween them through oertain prescribed 
angles, and rigidly oonreoted beneath 
either by oross-pieoes termed tran- 
soms,*' or by a solid block called the 
“ trail,” of which more will be said pre- 
sently. It is highly important that the 
gun should be elevated and depressed 
in a vertical plane, this condition being 
essential to accuracy of fire at long 
ranges ; the common axis, therefore, of 
the trunnion-holes must be horizontal 
when the carriage stands upon even 
ground. 

The third and only remaining f^int of 
connection between the gun and its car- 
riage is at the casoabel, where there is 
an appliance for elevating and depress- 
ing the gun with great nicety, at plea- 
sure. The more m^em designs of field- 
gnms having little or no preponderance, 
there is but little strain thrown on the 
elevating arrangement either in travel- 
ling or firing, as compared with that 
which the trunnions exert upon the 
brackets. As respects the stability of 
the carriage, it is evident that it must 
have at least three points of support for 
standing securely on the ground. Two 
of these are at once supplied by the 
wheels on which the carriage travels, 
and the most suitable position for a 
third remains to be determined. On 
firing the gun, a violent shock or im- 
pulse is communicated to its carriage in 
a direction exactly opposite to that in 
which the shot travels. The third point 
(jf support then must uecossazily be be- 
liind the gun, and so situated as to 
( heck any tendency in the carriage 
cither to turn round to the right or left, 
or to turn over backwards at the mo- 
rnout of firing. To answer the first of 
these requirements, the point must be 
selected in the same vortical plane in 
which the axis of the bore lies, and for 
the second it must not bo within a cer- 
tain distance from the trunnion of the 
gun, this distance being fixed by the 
angle which an imaginary straight line 
perpendicular to the axis of the trun- 
nions, and connecting it with the third 
point of support, makes vrith the ground- 
plane. This angle, it is found, should 
not exceed 21°. If the rear point of 
support were brought nearer to the 
trunnions the angle would increase, 
and with it the tendency of the car- 
riage to capsize backwards on firing. 
This angle is in effect the limiting angle 
of friction for field-gun carriages. The 
rear point, then, is well behind the gun ; 
its connection with the body of the cor- I 
riage is secured by a substantial beam i 
called the “trail,” which is strongly ' 
joined to the axlebree in front, and rests 
on the ground behind. All that is needed 
for the stability of the gun and carriage, 
when the latter stands ready for firi^, 

‘ ) that the vertical line passing through 
their centre of gravity should fall witl^ 
the triangle formed by their three points 
of support. In practice it is found that 
if the gun is balanced just over the axle- 
tree, so that the axes of both trunnions 
and azletree are nearly in the same ver- 
tical plane, the conditions of stability 



are secured. By this arrangement tha 
pressure of the rear end of the trail 
on the ground is about one-half of ita 
own weight. 

So fEur, then, as respects the stability 
of the gun and carriage, both when firing 
and when ready for the conditions 

are realised in a two-wheeled carriage 
provided with a trail of suitable dimen- 
sions. The next question for oonsidera- 
tion is, how would such a carriage travel f 
It will be at once evident that, except 
ing for very light guns, a carriage snob 
as now desoribed on two wheels only 
would be inadmissible, for this reason-^ 
the pressure exerted by the trail on the 
ground when in the firing position, 
would when travelling have to be sus- 
tained by the horse ; and in the ordi- 
nary descriptions of field- carriages the 
weight and unwieldiness of the trail 
alone would bo a serious objection to 
Buoh a method of draught, and the 
means of attaching and detaching the 
horses would be oorrespondingly clumsy. 
We conclude, then, that a gun-carriage 
provided merely with two wheels and a 
trail body, while exhibiting an excellent 
oombinarion for firing purposes, is alto- 
gether ill adapted for travelling, except- 
ing when applied to very light artillery 
such as that designed for mountain ser- 
vice. Here a proportionally light car- 
riage is needed, to the trail of whioh a 
pair of shafts can be readily attached, 
their combined weight being supported 
with ease by the draught animal, whioh 
is generally a mule. 

In the field artillery, therefore, an 
additional pair of wheels for the support 
of the end of the trail becomes necessary 
when travelling, and the result is a 
four-wheeled carriage. It so happens 
that the construction we have seen to 
be very suitable as a standing carriage, 
offers great facilities for being convert 
at will into a simple and efficient form 
of travelling carriage. All that is needed 
for this porpose is to procure an inde- 
pendent fore-carriage to whioh the horses 
are harnessed. Attached to the centre 
of the hind part of this carriage is a 
strong hook. To the end of the trail of 
the gnn-oarriage proper must be fitted a 
suitable iron loop. This is known as the 
“trail eye.” Lifting the end of the troll 
off the ground to a height just above 
the level of the hook on the fore-carriage, 
the hook is brought under the trail eye, 
whioh is then lowered down into it, and 
secured by a horizontal key whioh passes 
through the end of the hook. We are 
thus provided with a strong and well- 
constructed four-wheeled carriage. The 
fore-carriage is known as the “ limber ; ** 
1-be process of connecting the trail with 
it is called “ limbering up ” (f'ig- 2), 
the converse of whioh is “number* 
ing.” The limber, whether attached 
to the gun-carriage or acting indepen. 
dently, is equally available for move- 
ment. In one case it acts as a fors- 
oarriago, in the other as a oart, so far as 
the arraugemeuts for travelling are <^n- 
cemed. Hie shafts, whioh are rigidly 
connected with the body of the Umber, 
take a share with the wheels in support- 
ing its weight and maintaining it in the 
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proper travellinfif position. When the carriage is unlimbered, . 
the weight on the shafts is rather excessive, but this is counter- \ 
acted when in the travelling position by the weight of the trail ' 
acting on the hind part of the limber, and thus counterbalancing 
the otherwise great preponderance on the shafts, which would i 
act injuriously on the s^t-horse. It is not contemplated that 
the limber should bo required to travel far when detached from 
its gun-carriage. The undue weight on its shafts when thus ! 
detached is therefore a matter of little moment. I 

We have seen that in order to secure stability in the firing 
position a certain lont^h of trail is indispensable, and that the 
entire weight of gun and carriage must bo so distributed as to ' 
bring upon the point of the trail about half its own weight. As 
the trail must be lifted by hand for the purposes of limbering up 
and unlimboring, the weight to be raised should be restricted 
within the lowest limits compatible with the requirements of 
stability and strength ; its length should therefore not elceed 
these limits, and its weight must be no greater than what is 
necessary to ensure sufficient strength to roaist the sliocks in- 
curred in travelling and firing. In the construction of every 
kind of vehiclo, the minimum of weight consistent with a neces- 
sary reserve of strength is the object desired. These properties, 
lightness and strength, are primai^y antagonistic ; and the form 
adopted is in offoot that to which science and experience point 
as being the most effective compromise between them. Again, 
the length of the trail must bo sofflaient, and only sufficient, to 
admit of a free passage between tho wheels, in order to gain 
access to tho trail-eye and limber-hook. The space between 
tho front and hind wheels is, of course, dependent upon tho 
length of the trail. It is essential also that the carriage should 
be short, both on aooount of oovering as little ground as possible 
when turning, and in order to diminish as for as practicable 
the length of a column when marching along tho road. 

Regarded on its merits as a four-wheeled vehicle, one point is 
especially worthy of notice in tho fiold-carriage. The form of j 
the gun and its particular functions admit of tho trail being j 
made extremely narrow, assimilating to tho perch of an ordinary 
carriage. This construction, without sacrificing the advantages 
secured by a high front wheel, affords ample facility for changing 
direction. The limber can be turned to the right or left, about 
the trail-eye, as a centre, through a considerable angle before 
its wheel comes in contact with tho trail, as in Fig. 1. Tlius 
it will be seen that this form of carriage claims for itself almost 
exclusively the following advantageous combination :) — 1. A low 
body. 2. Gh)od looking power. 3. High front wheels. This 
combination secures pre-eminently the all-importaiit qualities 
of stability when travelling, and handiness in turning ; also a 
farther advantage, which will be presently oonsidorod as ful- 
filling in a great measure the third essential condition which was 
stated at the outset — namely, the capability of rapid movement. 

With reference to the second condition, which requires that 
the gun should be handy when in action, tho two points to be 
considered are — (1) facility for moving the gun horizontally ; (2) 
in a vertical direction. 1. To turn the gun horizontally, to the 
right or left, there is an iron staple or shoe fixed upon the end of 
the trail just above where it rests on tho ground. Into this shoe 
a handspike, which is always carried with the carriage, is stepped, 
and is so ourvod tliat its point or handle shall be raised to a con- 
venient height for a man to take hold of when standing by it. 
One man is able with tolerable ease to lift the weight of the trail 
sufficiently off tho ground to enable him to move it either to 
the right or left, causing the gun to turn horizontally about an 
imi^inary vortical axis, equidistant between the wheels, thus 
giving any horizontal direction that may be required. 2. The 
vertical direction, or elevation, is obtained by raising or de- 
pressing the oasoabol. This is effooted by an elevating screw, 
the upper end of which is attached to it, and which works in a 
female screw below, made to revolve by means of a small hand- 
wheel worked on tho right bracket of the trail. The gearing 
is so constructed that a very slight effort with one hand suffices 
to raise or lower tho gun. 

With regard to tho third condition — namely, the adaptability 
of tho carriage to rapid movomont — it has olr^dy been observed 
that high wheels can be used : we will now proceed to illus- 
trate the advantages which they confer. High wheels, if not 
very ponderous, contribute greatly towards easing the draught. 
This they do in a twofold manner, first by diminishing fric- 
tion, and secondly by spanning ruts and hollows on the surface 


of the road in such a way as to offer less resistance than 
smaller wheels would offer to the progress of the vehicle. It 
has been proved by experiment, and is capable of mathemati- 
cal demonstration, that the traction or pull of the trace is 
diminished by increasing the height of the wheeL The ease 
with which horeos can draw a carriage increases withy though 
not as, the radius of the wheels. If, for instance, a horse haa- 
nessed to a cart with wheels of fifteen inches radius draws the 
load with a pull on the trace amounting to twenty pounds, the 
pull on the traoe would not' be halved by doubling the height 
of the wheels — giving them, a radios of thirty ineffies-— but it 
would be very materially diminished. On ordinary roads, where 
a succession of trifling obstacles are encountered and surmounted 
by the wheels, the pull of the traoe would be reduced pro- 
bably from twenty pounds to thirteen pounds by doubling th& 
height of the wheels. Hence, though the advantage to the 
draught is not directly proportional to the height of the 
wheels, it is nevertheless very greatly dependent upon their 
height; and thus it is highly important to maintain the 
I wheels of field artillery carriages at the greatest diameter 
' which tho limits of convenience and moderation in weight 
; will permit. The experience of the British artillery has 
! given a sanction to five feet as being the most suitable 
i height of wheel for the artillery service ; and with this 
height of wheel tho limber oan look round through an angle 
of about 52°, giving the carriage abundant facility for turn- 
: ing on ordinary roads, and in manoeuvring on the field. This 
advantageous combination of a high front wheel with a good 
look is simply duo to the narrowness of the trail, which when 
, tho gun is limbered up may be said to take the place of the 
body of an ordinary wagon, 

I If we turn for an instant to the construction of ordinary 
wagons, the difficulties involved in securing this combination 
will perhaps be more readily seen. Nearly every wagon used 
on ordinary roads at tho present day is fnmished with front 
wheels which pass freely under the body — a standing aoknow- 
ledgincnt of tho importance of good looking power. In order 
to secure this, however, whilst maintaining a tolerably low 
position of the body, tho front wheel must also neoessai^y be 
low to pass under it, very much lower than the hind wheels, the 
position of which relatively to the body never alters. Now, on 
the excellent macadamised roads of England, a low front wheel, 
tliough objectionable, is not of so very much importance, especi- 
ally when the wagon is on springs. The first two points of the 
combination before mentioned are secured ; the third is sacri- 
ficed. Experience has proved this arrangement to be tho best 
suited for ordinary traffic on good roads. For military service, 
however, the oiroumstances are widely different. Tho carriages 
aocompan 3 ring an army in tho field must often follow the worst 
of roads, and not unfroquently across country. Every contri- 
vanoe, therefore, by whicli tho draught oan bo lessened must be 
carefully studied. It is accordingly highly fortunate that the 
peculiar construction of the gun-carriage does not necessitate 
a low limber- wheel. 

The fourth essential condition is secured by carrying about 
thirty rounds of ammunition in two boxes, which are placed 
on the limber. In addition, four rounds of case-shot are 
carried, in two small boxes, on tho axle-tree of the gun- 
oarriago. Each gun is accompanied on service by an ammuni- 
tion wagon, consisting of a “ body ” and a limber, which latter 
is identical and interchangeable with the limber of the gun- 
carriage. The wagon -body has a perch made of girder-iron 
riveted securely to the axletree-bed. This pench occupies the 
plaoe of the trail in the gun-carriage, and, like it, is attached 
by an eye to the limber-hook. The wagon-body has four 
ammunition boxes, and its limber two, each containing fifteen 
rounds of ammunition, making in all ninety rounds. Thus each 
guu-carriago, with one wagon, has a supply of about 140 
rounds of ammunition. This quantity is considered ample for 
immediate wants, reserves being always in readiness to replenish 
the wagons as they become exhausted. The limber-boxes are 
fitted as seats for the oonveyanoo of two, or possibly three men 
on each limber. In the horse-artillery the remaining members 
of tho detachment serving tlte gun are mounted. In the field- 
artillery they march on foot except on emergencies, when two 
additional gunners sit on the oxletree-boxes of the gun-carriage, 
and others oan be mounted on tho off-lead and centre horses 
drawing the gun. 
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With rcitf enoe to the fifth condition, it will suffioe to cay that 
the dimenaiouB of the varioiiB parts of the gnu-oarriaire have, 
been scrived at throngh the experience of aot^ warfare, com- 
bined wi^ oarefnl calculation. Excepting in the spokes and 
felloes of the wheels, and the axletree-b^, foot-boards, and 
bottom-boards, no timber takes any part in the oonstmotion. 

In the gui^-oarriage the brackets of the trail are made of plate 
iron, wi^ angle-iron framing. The body of the limber, excepting 
the axletree-bed, is also of wrought iron. By a judicious dis- 
posal of the iron, the requisite strength is secured without 
excess in weight. The weight of the 9 -pounder gun-can^e 
and limber packed complete is about 85 owt. As to durability, 
it may be aiOrmed that, with attention to prevent rusting, the 
sarriages and wagons are in all their main parts practically 
indestructible. 

With respect to the sixth and last condition — namely, that of 
paoldng on board ship — ^the ammunition boxes are readily re- 
moved ; and when the carriages, limbers, and wagons are dis- 
mount^ from their wheels, an entire battery can be stowed 
away in very little space, considering the large quantity of 
stores it includes. 

Beverting to the fourth condition, it may be as well to state 
that every convenience for carrying side-arms, entrenching 
tools, and small stores is applied both to gun-carriage and wagon 
with their limbers ; and, indeed, up to the present time a full 
complement of tents for the accommodation of each gun detach- 
ment has been carried on the wagons — an admirable arrange- 
ment, and one highly conducive to the comfort and health of 
the soldier. 

BUILDING CONSTRUCTION. -XVIII. 

BOOFS— ABCHED BIBS. 

In fixing the ribs of the dome of the Catholic church at Darm- 
stadt (see page 138) in their places, the plates were, in the first 
place, merdy nailed together ; they were afterwards permanently 
counectedi and prevented from altering their shape by bands 
of timber (h 6, Fig. 173) running all round at regular heights ; 
and these are bolted together as shown at c e (Figs. 174 and 
175), the plates being further prevented separating laterally 
by the oroBS-pieoes, d d (Fig. 174) ; the ribs are further stayed 
by additional bands running all round through the middle of 
their width. The openings for these timbers are shown in Fig. 
173, and all the parts will be seen in their proper places in 
Fig. 176, which is a view of a portion of a dome, showing the 
lower ends of the main ribs, ▲ a, and of an intermediate rib, B. 
The external and internal bands, h h, will bo seen notched on to 
the ribs and united by the bolts, e e, at the sides of which are 
also seen the wooden oross-pieces, d d (Fig. 174) ; c c is the 
intermediate band, with wedges, d d, the purpose of which is to 
cramp the plates together laterally. The proper mode of 
projecting such views of domes will be given in a subsequent 
figure, it being desirable, at this stage, to contrast the De 
Lorme system with that of Emy. 

This system has already been described and illustrated in 
former lessons, and it will therefore be sufficient to show how 
it has been applied. The example (Fig. 177) chosen for ^s 
p^ose is a portion of the roof-truss of the riding-school at 
Liboume, near Bordeaux. The roof is not of the dome kind, 
but covers a building of a rectangular form. 

The arch-rib, built up of five plates placed horisontally on each 
other, and joined as already shown, abuts against perpendicular 
double-posts, A, resting on corbels, B, built into the wall, which 
is one-third wider below than it is above this point. At the 
top of this wall-post is a strong oross-pieoe, o, resting on the 
stone cornice, D, which covers the whole widtii of the top of the 
wall ; and this in its turn is laid on tiie wall-plate, which is 
placed on the outer face of the wall, so that it will be seen 
the entire weight of the roof presses doumwardf or in the 
direction of the wall, and that the tendency of the whole truss 
must be to tie the walls together, not to force them outward ; 
and this, ^ as has already been explained in a former lesson (page 
87), is the leading point to be kept in view in designing a 
ro^. The principals, x, abut upon the cross-pieces, o, and are 
tied to the perpendicular by the struts, v, and to each other 
at the top by the collar-beam, a. To the frame thus formed, 
braces, m, z, J, etc., are attach^, converging to the centre of the 
eurch-truee (these braces are double), and c^p the aroh-tniss, 


the principals, and the ties, f, between them — being themselves 
bound together by means of blocks and bolts, the ends of 
which are shown in the filustration. The arch- truss is confined 
at the foot of the wall-post by an iron band, tightened by a 
screw-bolt. This arrongfement is shown in Figs, 178 (the 
section), 179 (the side elevation), and 180 (the front elevatioi;). 

PAETITIONfl. 

Partitions are the internal walls which divide the bnilding 
into separate rooms, and may be formed of solid walling, of 
I timber framing filled in with brickwork, or may be made wholly 
I of timber and covered with boarding or laths and plaster. This 
' latter kind will be here considered. Partitions must be oon- 
stmetod on proper principles of trussing, so as to guard against 
cross strain, especiadly when placed over a vacuity without any 
support but at the ends, or when having to bear the weight of 
a floor above it. 

Partitions should form a portion of the main carcase of the 
building, and should not be dependent upon, but should rather 
support the flooring. An important form of partition is given 
in Fig. 181, which represents a 6-inoh partition so trussed as to 
support a floor 'above. It will be seen that A b c d is a com- 
plete roof truss, with queen-posts x, principal rafters F, and 
straining-piece o. This truss rests on stone templates in the 
wall. The sill at the bottom of the partition rests on a brick 
corbel built out of the wall, and on this is placed a stone tem- 
plate and an iron clamp. This supports a wooden wall-plate, 
or template, to receive the end of the sill. 

The middle part of the partition is further to receive folding* 
doors. The upright posts for this opening are placed under 
the queen-posts, are kept apart by a straining-piece, and pressed 
together at the top by braces, 1 1, which, being mortised into the 
sill, act as principal rafters again, and thus a second truss is 
formed under the other ; whilst the whole structure is firmly 
braced up by the iron tie-rods at k, x. 

FIBE-PBOOF CONSTBUCTION. 

A perfectly fire-proof construction has yet to be discovered, 
and therefore the author, guided by the best authorities of the 
day, of which Mr. Hoskings must rank as one of the highest, 
quotes from him the following remarks on fire-proof structures : — 

** It is seldom that houses take fire from common accidents, 
such as occur to the lighter movable furniture and to drapery, 
but for the most port from the exposure of timber in or about 
the structure to the continued action of fire, or of heat, capable, 
sooner or later, of inducing the combustion of timber ; and as 
the source is most commonly in some stove, furnace, fiue, pipe 
or tube for generating or conveying heat, or for removing the 
products of combustion, much of the real danger to buildings 
by fire would bo prevented by avoiding that degree of proximity 
between timber and all such things as can lead to its com- 
bustion. 

“With the view of rendering their stairs, partitions, and 
floors as nearly as possible fire-proof, the French frame and 
brace with timber quarterings, much in the maxmer practised in 
England, excepting that the timber used in Paris is generally 
oak, previously well seasoned. The frame structure being com- 
plete, strong oaJt batten laths, from two to three inches wide, 
are nailed up to the quarterings horizontally, at four, six, or 
even eight inches apart, according to the character of the work, 
throughout the whole height of the enclosure and pai'tition ; 
and the spaces between the quarterings and behind the laths 
are built up with rough stone rubble, which the laths prevent 
falling out until the next process has been effected. This is 
to apply a stroxig mortar, which in Paris is mainly composed 
of plaster of Paris, which is there of excellent quality, laid 
on from both sides at the same time, and pressed through the 
opposite sides, so that the mortar meets and incorporates, 
embedding the stone rubble by filling up tho interstices, and 
with BO much body on the surface as to cover up and embed also 
the timber and the laths ; in such manner indeed as to render 
the concretion of stone and plaster, when thorodghly set, an 
independent body, and giving strength to, rather than receiving 
support from tho timber. The ceilings ore constructed on a 
somewhat similar system. According to their practice, tho 
ceiling must be formed before the upper surface or floor is laid, 
being formed from above instead of frem below. The carpenter’s 
work being complete, strong batten laths are nailed up to the 
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Figr. 17X 



under side of the Joiete, m Iftthe are with ns ; but they are mtush 
thicker and wider than our lathe, and are placed so far apart 
that not more than perhaps one>half of the space is occupied by 
the .aths. The laths beingr affixed — and they must be soundly 
nailed as they have a heavy 
load to bear — a platform 
f rough boards is strutted 
up from below parallel to the 
plane termed by the laths, 
and at about haL an inch 
below them. Jdortar is then 
iaid ir. from above over the 
platform and between and 
over the laths to a thickness 
of from two and a half t ) 
three inches, and is forced in 
under the laths and under 
the joists and girders. The 
mortar being gauged, as our 
plasterers call it, or rather, 
in great part composed of 
plaster of Paris, it soon sets 
sufficiently to allow the plat- 
form to bo removed onwards 
to another compartment, 
until the whole ceiling is 
formed. 

** The plister ceiling thus 
produced is in fact a strong 
slab or t&ble in the body of 
which the batten-laths which 
hold it up are incorporated, 
and in the back of which the 
joists from which the mass 
is suspended are embedded. 

The flnishing coat of plaster 
is then laid on. Such a ceil- 
ing will resist any fire that 
can act up m it from below 
under ordinary ciroum- 
stances, and it would be dif- 
lioult for fire to take hold 
&om above in such a manner 
as to destroy the joists to 
which a coiling so composed 
is attached, the laths and 
the under side of the joists 
being alike out of its reach ; 
and consequently such a ceil- 
ing alone would diuiinish the 
danger of fire, although the 
floor above the joists were 
laid with deal boards. 

*‘But a boarded floor in 
Paris la a luxury not to be 
found in the dwellings of the 
labouring classes, nor indeed 
is it to be found in any 
dwelling house but those of 
tlie ui et (‘ostly description. 

But whether the eventual 
surface is to be a boarded 
floor or not, the flooring- 
joists are covered by a table 
of plaster above, as com- 
pletely as they are covered 
by a plaster-oeUing below 
liough battens, generally 
^plit, and in short lengths 
•tout enough to bear the 
v eight of a man without 
trending, arc laid with ends 

t* batting on every joist, and as close together as they will 
lie without having been shot or planed on their edges. Upon 
this rough loose floor mortar of nearly similar consistence 
tc that used tor ceilings is spread to a thickness of about three 
inches and as it is made to fill in the voids at the ends and 
Bides of the floor-laths upon the joists, the laths become bedded 
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upon the joists, whilst they are to some extent also incorporated 
with the plaster. The result is a firm floor upon which in ordi- 
nary buildings paving-tiles are laid, bedded in tenaoions cement. 
** It must be clear that the timbre of a floor so mioased ooald 

hardly he made to bum, even 
if fire were let in between floor 
andoeiling. But it has been 
already stated that the prac- 
tice of making these almost 
fire-proof floora is connected 
with the use of walls which 
have no timber laid in them 
bed-wise, and that the tim- 
ber enoloBores employed in- 
stead of walla and the inter- 
nal partitions are rendered 
practically flre-prrof, whilst 
the woodra staircases which 
economy dictates to the 
Parisian builders (the free- 
stone which is used in build- 
ing the walla being wholly 
unfit for the purpose) are 
also rendered unassailable by 
fire by being filled in with a 
solid mass of concreted 
rubble.** 

The author has thought it 
advisable to quote the above 
remarks of Mr. Hoskings on 
this subject, in the hope that, 
if it can be proved statisti- 
cally that a smaller number 
of dwellings are accidentally 
destroyed by fire in Paris 
than in London, the system 
here desoribed may be intro- 
duced into this country. 

It must, however, be 
added that the subject of 
fire-proof construction has 
within recent years received 
much attention in England, 
and it is hoped the system 
may be generally adopted. 
One of the plans patented is 
based, firstly, on the nse of 
wrought-iron girders com- 
bined with concrete, the 
patentees urging that for 
any part of a structure to 
be fire-proof oil the mate- 
rials employed should be 
absolutely indestructible, 
and hence no wood should 
be employed in the absolute 
construction; though when 
the fire-proof floor is com- 
pleted fillets of wood may 
be bedded in the cement on 
the surface fur the attach- 
ment of a carpet, or may 
even be continued across 
the room and boards nailed 
to them, as in the French 
system. 

The iron girders, joists, 
and T-bars are fitM toge- 
ther before delivery, and 
after the main girders are 
fixed any boy or labourer can 
oomplote tibe work. The 
oonorete should be mixed thick like the Frenoh bStorif a flat 
board being held up underneath the T-bars whilst spread- 
ing it between the joists and girders. A oonorete made of 
Portland cement or blue lias lime with gravel, ballast, or 
broken brick, in the proportion of one part of the former to 
eight of the latter, sets quickly and becomes as bard as stone. 
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The npper enrfhoe 
may be finiahed in 
fine cement, and the 
notched or slotted ends 
of the bars snstain 
the plaster under the 
flanges of the joists 
and girders, where 
there is a tendengy to 
break away when any 
vibration takes place. 

Independently of the 
fire-proof condition of 
floors constmoted in 
the manner just de- 
Boribed, there are other 
advantages to be de- 
rived from this mode 
of structure. In the 
first plaoe, the aocess 
of rats and mice from 
one part of the house 
to another would be 
almost entirely if not 
wholly prevented, the 
spaces usually left be- 
tween the flooring of 
the room . above and 
the ceiling of the room 
below, the bad and 
hastily-mixed mortar 
commonly used in or- 
dinary houses, the 
imperfect manner in 
which it is frequently 
laid between the 
bricks or stones of the 



structure, and the hol- 
low, unplastered in- 
terhtl left between the 
skirting-board and the 
wall, affording ample 
opportunity for these 
vermin to make their 
way from cellar to at- 
tic at pleasure. Again, 
floors of concrete 
would prevent free 
passage of draughts 
and dust, which now 
make their way through 
shrunken boarded 
floors, and necessitate 
the placing of a layer 
of brown paper to save 
the carpet from injury 
by dust. On the other 
hand, concrete, finished 
with cement, being a 
better conductor of 
heat than wood, affords 
an argument in favour 
of covering flooring of 
this description with 
an exterior coating of 
planks, a oarpet only 
between the concrete 
and the feet of the oo« 
cupants of the room 
being barely suffioient 
to insure thorough pro- 
tection from the ohUl 
that concrete would 
impart. 
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FARMING AND FARMING ECONOMY.— II. 

By J. WaiaHTSON, Professor of Agriculture, Boyal School of Miues. 
PBEPAEATORV WOEK IN SOILS— -DEAlNAaE — CLAY BUENINO 
— LIMING— SUBSOIL AND TRENCH I'LOUOHINO, ETC. 
Ktibal economy touches all the three kingfdoma into Vrhich 
natural objects have been divided. Its foundation rests upon 
inorifanio nature, whence, through the agency of incompre- 
hensible laws, rises the vegetable world, and, lastly, by a further 
and more oomx)Ioz elaboration, animal life. As if to complete 
this cycle of change, the animal finally dies, and is restored to 
the inanimate domain, its component parts ministoring anew to 
the development of future organisms. First, the soil, the air, 
and water afford scope for study; secondly, the cultivated 
crops form an interesting group ; and, lastly, the live stock of 
the farm represent the animal Idngdom. Every study, there- 
fore, which bears upon these widely different subjects, becomes 
important to the student of agriculture; and hence we find 
chemistry, physics, and geology, physiology, botany, and zoology, 
all to some extent engaged in promoting agricultural advan co- 
ni ent. In the following series it must be our object to restrict 
our attention to farming and farming economy, and to avoid 
the temptation of wandering into the domain of these and 
other sciences. In following our subject, we shall mlopt the 
natural order already indicated, and consider (1) the soil, 
(2) crops, \3) stock, and, lastly, certain subjects connected 
with land management which do not strictly come under any of 
these heads. 

Soil has boon derived from previously existing rooks, which, 
during long ages, have been worn away and disintegrated by 
the continual action of natural forces. Hence the intimate con- 
nection of geology with agriculture ; for, as rooks of various 
composition constitute large and distinct areas of country, so 
do we find the soil to vary. Chalk, green sand, oolitic lime- 
stones, Oxford and Kimmeridge clays, each furnish soils of 
definite character, varying in fertility, in tenacity, in altitude, 
and in other particulars. 

All soils, wherever situated, are composed of clay, sand, lime, 
vegetable matter, and rooky fragments, and it is upon the 
proportions in which those familiar substances occur that fer- 
tility in a great measure depends. A fertile soil must bo placed 
under favourable climatal conditions, both with reference to 
heat and moisture; it must possess an abundant store of 
available plant-food ; and it must be in a proper mechanical 
condition. Heat and moisture are scarcely capable of control, 
while, on the other hand, the amount of plant-food and the 
physical or mechanical condition of the soil may be increased 
and improved. Hence wo find two methods open to us in 
improving land — first, enriching the chemical resources of the 
soil, by adding to it substances valuable to plants as food ; and, 
secondly, improving the mo<dianical condition of the soil. A 
soil may possess every necessary constituent for the growth of 
plants, but if these are unavailable we can hardly expect to see 
good crops upon it. If, for instance, the soil is wet or ex- 
ceedingly tenacious, then, in spite of its good chemical compo- 
sition, it will be more or loss barren. Thus the improvement of 
the meohonioal condition of the soil is fully as important as the 
addition of fertilising substanoea. Without further preface, 
therefore, we pass on to consider the methods ordinarily em- 
ployed for improving the physical state of soils. 

All soils do not rofiuiro this preparatory work. Take, for 
instance, the case of light, dry land, in which the proper chemioal 
substances occur in sufficient quantity. Such a soil will quickly 
repay the farmer for the expense of manuring; and this being 
the oMe, it is no matter of wonder that the lighter soils of Great 
Britain have been long well farmed. The case of clay soils is 
somewhat different. They are richer than light soils in chemical 
constituents, but these riches are difficult to roach. More 
oapital is therefore required to cultivate such land, and a longer 
time is necessary to bring it into a satisfactory condition. It is, 
therefore, in the management of clay lands that the preparatory 
work of meohanioal improvement is most needed, and even after 
it is aooomplished continual oare is requisite so that every 
tillage operation may tend to induce a state of perfect tilth. 

The means for the amelioration of soils are as follow : — (1) 
Braiim^ ; (2) clay-burning ; (3) claying, marling, and mixing ; 
(4) liming ; (5) warping ; (6) subsoil and trench ploughing; (7) 
good ooltivation. 


Drainage is of all these the most important, and should 
prooodo every other operation. If land is wet, oapital is use- 
lessly expended upon it ; but when rendered dry, every other 
improvement is likely to be followed with buocoss. The subject 
of land drainage has been so recently placed before the readers 
of The Technical Educator, that it appears hardly necessary 
to revert to it at length. It may, however, be well to remind 
our readers that an efficient system of drainage is followed by 
a distinct rise in the temperature of the soil, by the introduction 
of air into interstices previously oooupied by stagnant, and 
therefore unwholesome, water ; by an evident improvement in 
the texture of the soil, and by the rainfall being rendered 
effective in assisting in the growth of plants, instead of abso- 
lutely chocking vegetation, as must be the ease in waterlogged 
soils. These good effeots are followed by earlier and more 
abundant harvests, capability to grow a larger variety of crops, 
improved health on the part of both crops and live stook, and 
greater ease in the performance of all tillage operations. The 
soil is also in a better state for benefiting both from the use 
of manure and other improvements. 

Cla/y-huming is a valuable means of rendering stiff land 
productive. It consists either in burning large masses of clay, 
or smaller heaps of about one cart-load each, and afterwards 
spreading the “ashes’" upon the 'surface. Mr. Meohi used a 
strong Kansome’s plough, drawn by three horses abreast. 
“ The earth being ploughed up, the fires are formed on the spot, 
the workmen placing a certain quantity of dried stumps, or 
wood of sufficient solidity, to maintain a body of heat, and 
enclosing the mass with large clods. These are carried by 
hand. Subsequently as they get more distant from the fire, a 
barrow is used, an4P^®yo*'^ that, a one-horse cart.” Heaps of 
200 cubic yards each are thus burnt. Mr. Pym, in a com- 
munication to the late Mr. P. Pusey, says, “ The work begins in 
May, and is continued throughout the summer.” He employs 
“roots and brush-fagots,” and the cost of the wood is about 
10s. for every 100 yards of clay burnt. Mr. Bandell, of 
Ohadbury, is a strong advooate for this means of improving 
land, and advises every tenant of stiff soil to adopt it. Ho 
considers fagots to be preferable to ooal as a moans of burning 
olay, because the soil is not burned so bard as is frequently 
the case where ooal is used. One ton of coal will, with care, 
suffice for fifty cubic yards of olay. In clay-burning it is 
essential that the heat should bo moderate, and that the work 
should not bo hurried. The fire is kindled as above described, 
and as the heat spreads through the mass more clay is added, 
especially to those parts where the fire shows a tendency to 
break through the walls of the clamp. 

“In olay-bnming,” writes a correspondent to the late Philip 
Pusey, “groat skill, and judgment, and managoiriont are necessary. 

I Indeed, I know of no part of husbandry that requires so much 
good sense, joined with experience.” Mr. Kandoll also states 
tliat clay-burning requires great experience, and that without 
experience dosoriptions of the process are but of small utility. 
All writers are agreed as to advantage of large heaps or 
' clamps, of slow burning, and of enoouraging a comparatively 
low rather than a high degree of heat. 

Should the wind rise, thatched hurdles are used to prevent 
the fire from being unduly fanned; and if the flame should 
appear at the surface, fresh soil is added to smother it. Mr. 
Bandell guards us against the use of large lumps, which will 
harden into intraotable masses, but other writers do not agree 
with him in this last point, and speak of the Inmps as readily 
falling under the influence of rain and changes of temperature. 
The cost is very uniformly calculated at about 7d. per cubic 
yard in the heap, but must vary with the price of ooal or the 
value of wood used in burning. The effects are a larger yield 
of produoe, the land more easily worked, and in many cases a 
' considerable extension of root-cultivation and of sheep-farming. 

: Dr. Voeloker experimented upon the changes effect^ in clay 
by burning, and showed that, when exposed to a low red heat, 
i the amount of matter soluble in water was considerably in- 
I creased. When the heat was increased to bright redness, the 
i soluble matter diminished to even a less quantity than in the 
unbumt olay. Judicious burning, therefore, acts both in 
improving the texture by rendering the olay less tenacious, and 
also by improving its ohemioal condition, 
j Claying^ marUng^ chalking^ and in general mixing^ soils may 
I all be ua^ with great advantage where the requisite oonditioni 
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ooonr. It is not unoommon to find snoh a combination of soil 
and subsoil that the latter may with advantage be raised and 
spread upon the surface. 

Thus, in Norfolk, marling the sandy surface-soil is attended 
with great advantage. In Lincolnshire, where fen lands of 
peaty character occur, the nature of the soil has been greatly 
modified, and rendered suitable for the growth of cereals, by 
bringing up the imderlying clay. Again, the upper chalk soils 
^ may be greatly improved by a dressing of the richer and more 
tenacious lower chalk ; and, lastly, clay soils may bo benefited, 
although in a less degree, by a liberal application of sand, as 
was shown by Mr. Hope’s treatment of liis Dirleton Farm in 
East Lothian. The marl, chalk, or clay being at a convenient 
distance, it is quarried, and carted to the field. In some cases 
pits and trenches are opened, and the material is brought up 
and spread on the surface. 

Mr. Cambridge, of South Buncton, Norfolk, effected quite a 
revolution in the oliaracter of a light sandy farm by applying 
54,055 loads of clay to 286 acres 2 roods 25 poles of land, or 
188 loads per acre. In other cases 50 and 80 loads per acre 
have been employed with good effect. The result of claying 
and marling is an increase in the fertility of the soil, greater 
strength in the straw of cereals, more certainty in the culti- 
vation of clovers and root-crops, and a greater power on the 
port of the soil to resist drought. 

Liming is a valuable means of both enriching and improving 
the texture of soils. It exerts a threefold influence, first as a 
plant-food, second as an ameliorator of the texture, and thirdly 
as a neutraUser of acids in the soil. It is, perhaps, most 
beneficial in the case of newly “ broken qp” land, especially 
of a peaty or vegetable character. Lime is also a valuable 
application for clay soils in general, and where soils are 
naturally deficient in lime it may be applied at intervals of 
twelve years with excellent results. 

lime is obtained by heating the carbonate to full redness for 
on hour or two. For agricultural purposes, the impure (native) ; 
carbonate is burned in a kiln, the cavity of which is usually | 
either egg-shaped or in the form of a truncated inverted cone ; i 
it is charged with alternate layers of coal and limestone, and j 
the fire is kindled. The lime as it is burned gradually sinks 1 
down, and is removed by openings at the base of the furnace, j 
and a fresh supply of coal and limestone is supplied at the top ! 
of the kiln. (Miller.) ' | 

The following are usual dimensions for lime-kilns : — Height ' 
inside of kiln, 21 feet; diameter at top, 7 feetj diameter at 
middle, 8^ feet; diameter at bottom, 3 feet. The kiln ought to 
increase in width from the bottom upwards, till the greatest 
diameter is reached at the height of 11 feet ; the walls are then 
carried up perpendicularly for four feet, after which the space is 
narrowed towards the top. The building material should be ! 
good stone, well built, and the walls should not be leas than j 
three feet thick at any part. The inside should be cased with 
fire-brick, and round the top there should bo some largo fire- 
burrs made to pattern, the whole to be well cemented with fire- 
clay. At the bottom there must be a space two feet square for ; 
drawing out the lime, and from the top of thi« to the outside | 
there must be an archway for facilitating the same. Such a j 
kiln will hold 700 to 800 bushels of lime, and will burn at the | 
rate of 250 bushels a day. To furnish 100 bushels of lime, j 
about 6 tons of mountain limestone and from 26 to 40 owt. j 
of coal will be required. This will make the cost about 
follows (see “ Cyclopaedia of Agriculture ”) £ u, d. 

6 tons of stone, worth lOd. per ton 0 6 0 

Say 1 ton 15 cwt. of coal, at 4s. 6d. per ton 0 7 10j|- 

Lime-humor, about 2s. i>or 100 bushels ... 0 2 0 

Kiln tools, interest on capital, etc., say ... 0 1 0 

Or, per 100 bushels 0 15 10^ 

The weight of a bushel of lime varies with the quality of the 
stone whence it is derived, and is variously estimated at 77 lb., 
981b., and 80 to 1001b. 

Lime is applied at the rate of from 8 to 9 tons, or from 100 
to 800 bushels. It is carted either into large heaps on the 
headland, where it remains until it is slaked; or it is deposited 
in small heaps (about ten to the cart-load), covered with a little 
earth, and then left to slake. In both oases the subsequent 
work consists in spreading it over the surface, after which it is 
Ufhtly ploughed or ooltiTated in. 


Wwrping gives an entirely new surface to soil. It may be 
best explained as a process by which the suspended mud which 
occurs in certain rivers is allowed to deposit itself upon a 
proscribed area of land. The chief district where this improve- 
ment can be effected is in North Lincolnshire and South-east 
Yorkshire, on cither side of the Humber and its tributaries. 
These rivers carry an immense quantity of mud to the ocean, 

I and naturally deposit it at the mouth of the Humber. By a 
system of sluices, open ditches, and embanked enclosures, the 
muddy water is diverted during spring-tides, and made to fl(m 
whore it is required. As the water expands over the com- 
parttnont” it deposits its mud; and, by regulating the flow by 
means of “call-banks” and “inlets,” an even coating of from 
one to three feet is at lengfth obtained. Warping is a costly 

^ operation, incurring an expense of from JB12 to £20 per acre. 

I It may, however, bo regarded as securing permanently good 
land upon an area which previously may have boon almost 
worthless. 

i Subsoil and Trench Ploughing have been advocated by many 

I agriculturists. Both may be spoken of as valuable means for 
deepening the available feeding-ground of plants, and both are 
useful when used judiciously. Indiscriminate deep culture is 
not, however, to be recommended, as in some oases it might 
bo hurtful, while in others no appreciable benefit follows its 
adoption. Subsoil ploughing may be defined as a method of 
distiu'bing or pulverising the subsoil; while trench ploughing 
consists in bringing up the subsoil, and mixing it with the 

I surface-soil. Subsoil ploughing is seldom injurious, but the 
rash commingling of subsoil and soil may be attended with 
either good or bad effects. A considerable inass of evidence 
collected by the late Mr. P. Pusoy upon subsoil ploughing 
tended to show that stiff olay soils are not permanently bene- 
fited by it, and that the greatest good was effected in the case 
of lighter soils, where at a few inches beneath the surface some 
sort of “pan” or indurated condition of soil occurred. This 
pan may either be the consequence of the long-oontinued passage 
of implements and horses over the land during years of shallow 
cultivation ; or it may consist of calcareous and gravelly matter, 
compacted together so as to prevent the passage of either water 
or plant-roots ; or it maybe what is well known as “moor-band- 
pan,” an ochreous or ferruginous deposit, which binds the 
earthy materials, suoh as gravel and sand, into a compact 
concretion. Whore land is thus affected the drainage is 
defective, the soil is alternately “ankle deep” and sun-soorohed ; 
and the crops, although promising in their early stages, fail as 
they approach maturity. 

In such casoB a strong subsoiler, drawn by four horses, is a 
most valuable means of improvement. Clay soils, on the other 
hand, although temporarily improved by the passage of the 
Hubsoiler through them, very shortly relapse into their former 
state, and all traces of the work disappear. The late Marquis 
of Tweeddale improved an extensive tract of poor, high-lying 
soil in Haddington, known as the Tester Estate, by thorough 
drainage, followed by the use of what ho named the “ subsoil- 
trench plough.' ’ This implement consists in the first place of a 
subsoiler or coulter of iron, which, as it passes through the 
subsoil, breaks and opens it. Immediately behind this coulter 
is an inclined plane or platform, which receives the subsoil, and, 
as it passes backwards, delivers it at a higher level among the 
surface-soil. The advantages claimed for these operations are 
an increased depth of soil, greater facility for the escape of 
water through diuins, and greater ability to withstand severe 
droughts. 

General Cultivation . — After land has been drained, and 
otherwise brought into a state in which it can bo profitably 
farmed, it must be properly cultivated. The foregoing opera- 
tions, when once well done, are to a grreat extent permanent. 
Cultivation, on the other hand, is a constantly recurring work. 

I The object of all cultivation may be said to bo twofold ; first, 
to bring the land into a proper tilth for the contemplated crop ; 
ar.d secondly, as a means of destroying vegetable and animal 
pests. It is not our intention to enter into detailri respecting 
ploughing, harrowing, “ cultivating,” and rolling, but rather to 
lay down the principles which, if properly carried out, will le^ 
to “clean” land and a good state of tilth. First, then, in 
dealing with land, we must endeavour to act in concert with 
Nature, rather than in opposition to her. Atmospheric influences 
are of an importance which cannot well be overrated, and hence 
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fhe need of antnmn oaltivation, by which land ii exposed to the 
greateet changes in temperature. The most thorough cultiva- 
tion is rec^uired during the period of “ fallowing.” This oooun 
at intervals of from throe to seven years, According to the 
character of the soil, and it is then that the land is thoroughly 
cleansed from weeds, and brought to the finest possible til^. 
The precise conditions which the farmer wishes to induce will 
depend upon the kind of fallow it is proposed to make. Where 
a ” bare fallow ” is necessary, a rough condition of soil through- 
out the summer is desirable, that weeds may be destroyed by 
the scorching sun of June and July. This condition of land is 
best obtained by spring ploughing. Whore a root-crop is 
desired, the object is to obtain a fine tilth, to render the land 
clean, and at the same time to retain the moisture in the soil 
for the use of the root-crop. In this case, spring ploughing cmd 
spring working are scarcely desirable. By autumn cultivation 
is meant, first shallow ploughing (or paring of the stubbles 
immediately after harvest, so as to detach the weeds from the 
deeper layers of soil), harrowing and rolling, and afterwards 
collecting and burning the weeds in heaps over the field. The 
ashes are then spread, manure is carted on to and spread over 
the land, and the field is then ploughed deeply and left until 
spring, when it will be found in a finely-pulverised condition, 
owing to exposure throughout the winter. Ploughing such land 
again in the spring should be avoided if possible, and the less 
cultivation used at that time the better be the prospect of 
a loot-orop. By this moans a fine surface and a moist con- 
dition of soil are both secured. Exceptional treatment is, 
however, so often necessary that we must be on our guard in 
accepting any prescribed course of cultivation, and remember 
that where every field has its own peculiar soil, and every 
season its own eccentricities, it is impossible to frame rules for 
action. Autumn cultivation is, however, always safe, and 
should be followed out as extensively as possible. Its ad- 
vantages may be summed up as follows : — It ensures the bene- 
ficial action of the frost upon the land ; it destroys the larvae 
and eggs of insects and seeds of weeds ; it conserves moisture 
in the soil. Where steam cultivation has been introduced, all 
these advantages are most perfectly realised. Olay lands are 
over the most difficult to deal with, and up to this time the 
expense attending their cultivation, together with their want of 
adaptability for growing root-crops, has caused them to bo less 
sought after than light lands. Stoam cultivation is, however, 
destined to develop the resources of these soils in a remarkable 
dog t ee. Clay lands require to be worked with much judgment. 
They should be worked dry ; their tenacious character must be 
modified by applications of lime, by burning, by good dressings 
of farm-yard manure, and by avoiding meddling at improper 
seasons. They must also be croppo<i with wheat, beans, and 
clover ; and the fallow portion must frequently bo worked without 
a crop. When fallow crops are grown, they must bo removed 
from the land before wet weather sots in daring autumn. The 
cultivation of light land is easier than that of clays. Tliose 
soils require compression rather than lightening up. Thus we j 
find sheep are fed upon root-crops in the winter, for the purpose j 
of consolidating the soil. Tlie light-land farmer is always 
insisting upon the importance of having his land ” firm,” whUo 
the clay -land farmer endeavours to counteract the heaviness 
and retentiveness of his land. Such is a brief statement of the 
means at our disposal for improving the texture of clay soils ; 
it yet remains for us to consider how they may be enriched by 
the addition of fertilising materials. Further information upon 
the points touched upon in this chapter will befound in “ Morton’s 
Cyolopiedia of Agriculture ” (Blaokie and Son), and the Journals 
of the Boyal Agricultural Society ” (John Murray). 

THE STEAM-ENGINE. 

By J. M. WniKKje, B.A„ B.So. 

VRETIOAL ENOINB8 — COUNTER— MAKIN® ENGINES— PADDLES 
— HCRRW — GOVERNORS — DIRECT- ACTING, TRUNK, AND 

ENGINES — HYDRAULIC PROPELLER. 

Horizontal engines can be fitted with a condenser as easily as 
those which have a beam ; but this is not very frequently done: 
as a g^moral rule, they are of the non-condensing class. There 
is an almost endless variety in the form given to these engines, 


but the action of all is very similar to that of the one we have 
already described. 

There is, however, one modification which we must just notioe 
in passing, and which is known as the “oscillating engine.” 
In this form the oylinder is mounted so as to vibrate on an axis 
situated at its lower end, or else at the centre as in the figure. 
The guides which control the piston-rod and the eonneoting- 
rod are here entirely dispensed with, and the piston-rod is con- 
nected directly to the orank, so that as it moves up and down 
the whole cylinder vibrates from side to side, and thus all strain 
on the rod is avoided. Fig. 38 will render quite clear. 

The steam-pipe is so arranged that it enters at the axis, and 
the valves are moved in the osual way by an eooentrio. In an 
engine of this kind the greatest simplicity is attained, and the 
number of working parts is reduced to a minimum, but it has 
never been very generally used as a land engine. In steam- 
vessels, however, the principle has been oarri^ out very sue- 
cessfully, as will be shortly explained. 

There is one other ns^ul appendage to an engine which we 



must just describe here. This is known as the “ counter,” or 
engpne clock. Very frequently it is important to know the rate 
at which an engine is working — that is, the number of strokes 
per minute it is making. The “ counter ” accomplishes this. 
It consists of a dial with suitable attachments, and is so made 
that it registers the number of strokes or revolutions made since 
it was set, and thus we can at once tell the number it is making 
per minute or per hour. 

Soon after the steam-engine had begun to be at all generally 
adopted, attention was directed to the discovery of the best 
manner of rendering it available for purposes of navigation. 
Great practical inconvenience had long been caused by the 
I dependence of vessels on the infiuences of wind and tide, and, 

I even before steam was suggrested, various mechanical con- 
I trivanoes, set in motion by the power of man or of horses, had 
I been devised for the purpose of propelling vessels. 

The most plausible of these consisted of a wheel carrying a 
number of fioats round its circumferenoe, after the plan of our 
paddle-wheels. About the year 1788, a Mr. Miller appears to 
have construoted a small vessel of this class, and to have driven 
the paddles by means of a steam-engine. It was only a small 
vessel, and was used for experimental purposes on a lake in his 
grounds ; but the attempt was so far snooessful, that various 
modifications and improvements were soon made by other 
inventors, among whom the most prominent were Taylor, 
Symington, Fulton, and Bell. 

We must not, however, pursue the history of the maarine 
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engine, intereiting tbongli it be to trace ita gradual derelopment ; 
nor can we, in a brief a^es of papers like the present, inquire 
fully into all the details of the oonstmotion of marine engines 
generally, more especially as we should find that ahnost every 
Kfin-VAy has some special form or peooliar oonstmotion which he 

oonsiders the best. All 
that we can do is as 
briefly as possible to 
refer to the principal 
points in which they 
differ from other en- 
gines. It is clear, in 
the first place, that 
since the engine has to 
be carried on board a 
vessel, in which as 
much room as possible 
is required for ^e ac- 
commodation of pas- 
sengers and oargo^ it 
Fig. must itself occupy as 

little space as possible, 
and also must be as light in its oonstmotion as it can be, con- 
sistently with having sufficient strength. For the same reason, 
too, the whole must be so arranged as to consume as little coal as 
possible. Ajs a general rule, the vessel on startmg must oa^ 
the greater part, or the whole, of the coal she will require 
during her voyage, since there are not many foreign stations 
where it can easily be procured, and even at these a gr^tly 
enhanced price has to be paid for it, usually three or four times 
the price that would have to be paid in Great Britain. When 
we remember that in many large vessels the consumption may 
amount to thirty or forty tons a day, and that often they have 
to run very considerable distances without stopping, or without 
any opportunity of ocjaling, it will easily be seen how important 
it is that the amount consumed, as compared with the work 
performed, should be reduced to a minimum. The actual 
amount consumed inoroases greatly with the speed, and hence 
in the navy, on occasions where there is little need of dispatch, 
a great saving may be effected ; in the merchant service speed 
is generally required, as more voyages may be thus accomplished 
in the same time. 

From their greater economy in fuel and other causes, low- 
pressure or condensing engines are almost exclusively employed 
in Great Britain. Several boiler explosions, too, have occurred 
with high-pressure engines, and this has tended to strengthen 
the feeling against them. 

There are two modes by which the power of the steam- 
engine is usually made to impart motion to the vessel. These 
are by means of paddle-wheels or by a screw-propeller. The 
former plan was first introduced, and was for a long time exclu- 
sively employed, but it is now rapidly giving way to the 

screw. In it a largo 
and strong shaft 
passes from side to 
side of the vessel near 
the centre, and on 
each end of this a 
paddle-wheel is firmly 
secured. This con- 
sists usually of two 
or three metal rings, 
with paddle-boards or 
fioats fixed to them. 
As the wheel rotates, 
these act on the water 
like oars, and thus 
propel the vesseL In 
Fig. 40. Fig. 39 such a wheel 

is represented in sec- 
tion, and several dotted lines are drawn across it to represent 
different depths to which it maybe immersed in the water; by 
observing tl^ different angles at which the floats strike these, we 
shall easily see what an important thing it is to allow them to dip 
the right distance below tbe water. If the wheel be too deep, 
as it is in the figure, much power is consumed in moving the floats 
through the water, and, as will be seen, they oppose one another 
to a certain extent; if it be too high, they <{et but little hold. 


Now when a vessel leaves the docks to start on her voyage, 
die is usually somewhat deeply immersed, and hence Ihe paddles 
do not act as weU as they might. As the voyage progresses, 
some ci the coal is consumed, and thus the vessel rises higher 
and higher out of the water. In some oases there will be a 
difference of three feet, from this cause, between the draught of 
water on leaving the port and on arriving ont. It is olear, 
therefore, that the paddles must be adjusted for the medium 
displacement; but still there is a loss of power, and this is a 
considerable drawback to the employment of this mode of 
propulsion. 

To obviate this in a measure, feathering paddles” have 
been introduced. In these, each float, instead of being fixed to 
the wheel, is mounted so as to turn on a pivot. An eooentrio is 
then fixed to the end of the shaft, and from this rods lead to 
the floats, and thus cause them to enter the water almost 
vertioal, and to remain so as they pass through it. A con- 
siderable saving of power is thus effected, but the wheels are 
much more liable to get out of repair, besides being very 
greatly inoreased in weight and in oost, and hence they are not 
gener^y adopted. 

In screw steamers the shaft runs lengthwise along the vessel, 
and the screw is at the stem, in an opening between it and the 
rudder-post (Fig. 40). Muoh of the effioienoy of the screw as a 
propeller depends upon the lines of the vessel. In several of 
the early experiments, the stem of the vessel was not suitably 
moulded, and, as a result, the performance of the screw was greatly 
inferior to the anticipations 
which had been formed. 

An idea of the oonstmotion 
of a screw may easily bo 
I formed by imagining a thin 
plate of metal on its edge, 
wound round a small spin- 
dle, or by supposing tho 
thread of an ordinary screw 
extended outwards from the 
centre. By the pitch 
screw is meant the length of 
spindle in which the thread 
oomplotoB one revolution. In 
many screws the pitch is 
great, and then two or three threads, parallel to one another, 
are used. 

If we have such a screw with three threads, and out off it a 
slice BO thick as to contain about one-sixth part of a full turn, 
til© piece out off will clearly have three bl^es or arms pro- 
jecting from it, eaoh of which will be twisted partly round, as 
shown in Fig. 41. Eaoh of these cuts the water as it revolves, 
and thus pushes forward the vessel just as a screw would if its 
nut were fixed while it revolved At first a much longer sorew 
was used, but it is now found that a short portion will answer 
as effectually. The usual plan is to make the pitch of the 
screw about eight or ten feet ; sometimes, however, it is oon- 
siderably greater than this. There exists, however, an immense 
diversity in the forms given to the screw, and in the number of 
blades; the general number is either two or three, but some- 
times there are four, and in Captain Enosson’s propeller there 
are six, but these are fixed on a short cylinder connected with 
the shaft by three or more arms. Many vessels are now fitted 
with twin screws, one being placed on eaoh side of the mdder. 

Whether, then, the vessel is propelled by a sorew or by 
paddles, we have in either case a horizontal shaft which has to 
be driven by the engine, and the engine must be so arranged as 
to impart a regular movement to this. One difficulty, especially 
in the case of a screw steamer, is caused by the necessity for 
the shaft to be low down in the vessel, since the screw should 
be completely submerged even when the vessel is light. 

Then, too, a fly-wheel is inadmissible both on account of the 
space it occupies, and of the irregular motion of the vessel. 
^I^s difficulty is usually met by employing two or three engines, 
BO arranged that when one is at its “dead point” the others 
shall be working fully, and thus a nearly uniform motion is 
secured. 

In a rough sea, however, there are very great flnetuatiemB in 
the strain on the engine ; at one moment the propeller is 
deeply immersed, and then again it is lifted quite ont of the 
water. This causes the engine to “ race ” oonsiderably, and a 
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man is sometimes stationed by the throttle-valve to move it by ** geared engines are going ont of use, and in nearly all oases 
hand, and prevent this as far as possible. Various kinds of the motion is now imparted direct to the shaft, 
governors have been tried with the same object, the ordinary Another kind of engine, frequently employed, is known as 
balls being clearly unsuitod, as the motion of the vessel would the “ trunk engine,’* and this is one of the most compact 
interfere with their action. forms made, since in it the piston-rod and parallel motion are 

“Silver’s momentum governor” is that most generally rendered unnecessary. A hollow trunk or cylinder is fixed to 
employed, and it is found to answer well. It consists of a the npper face of the piston, and is made to work steam-tight 
small but heavy fly-wheel set in motion by the engine, the through a stuffing-box in the cylinder 
driving power being transmitted to it by moans of a spring, cover. Sometimes, to impart additional 
The wheel moves at a considerable speed, so that its rate of strength and to equalise the strain, this 
movement is not easily altered, much power being stored up in trunk is continued below the piston, and 
it. Now if the rate of the engine bo suddenly increased, the made to pass through another stuffing- 
governor tries to maintain its own speed, and in so doing acta box in the lower end of the cylinder, 
by moans of the spring on the throttle- valve, and partially The connecting-rod is then fixed to the 
closes it. In a similar way a decrease in speed opens the valve, top of the piston inside this tube, which 
and thus a nearly uniform rate is maintained. is of sufficient dimensions to allow room 

Tlio shafts wldch move the screw or paddles have a very enough for the rod to oscillate in it 
great strain on them, and must therefore be carefully made and from side to side as the crank revolves, 
tested; even then, however, they often crack after a few years’ The annexed sketch (Fig. 42) will render 
use. The iron appears to undergo a change by the continued this clear. 

jar, and to become brittle. Steel shafts have been tried, but It will at once bo seen that in an 
have not been generally approved of, as they often break with- engine of this description the effective 
out giving any signs of warning, while in the case of wrought- area of the piston is diminished by the 
iron shafts a small flaw usually appears first, and thus allows space occupied by the trunk, but this Fig. 42. 

a sufficient space of time to prepare a new shaft, or to change loss may easily be compensated for by 

tbe old one. slightly enlarging the cylinders. When these are placed hori- 

In a screw vessel the propelling power is at the stem, zontally, as is often the case, all the machinery can be placed 
and thus the vessel is moved onwards entirely by the thrust of well below the water-line, and this, especially in the ease 
the shaft, and suitable arrangements have to be made to with- of vessels of war, is a very important thing, since a shot will 
stand tliia. Sometimes a thrust-block of steel, securely fixed seldom penetrate a vessel far below this level, 
to the engine, is placed at the fore-end of the shaft ; but tbe The engines originally adopted for use on ships were a 
more common plan is to employ a “ collared bearing.” In this modification of the beam engine, already described, and are 
the axle at one of the bearings, instead of being plain, is cut known as side lovers. In those, instead of an overhead beam, 
into six or eight deep square grooves, and corresponding grooves one was placed at each side of the cylinder. These weoe con- 
are cut in the block, which thus takes the strain. Tlie friction neoted at one end to a cross-head fixed to the piston-rod, and 
in this cose is of course very great, and mnch care is required kept vortical by guide-rods or a parallel motion ; and at the 
to prevent the bearing becoming unduly boated. other end, to the connecting-rod which imparted the motion to 

The bearing where the shaft passos out of the vessel, at the the crank-shaft, as Fig. 43 will show. The benefits of this 
stem, is nsually lined with juGces of lignum vitm or some other plan were that a much longer connecting-rod could be employed, 
hard wood, and the little water which leaks through lubricates and thus the movement was transmitted more evenly, and also 
it and keeps all cool. that the parts wore well balanced ; but direct-acting engines 

There are gi*eat varieties in marine engines, but most may bo save so much in space and in weight, that they are fast super- 

arranged in two or throe classes. The first of th(3ao are known as soding these. 

“diroot-acting” engines; in these the piston-rod is joined to the There are a few special features common to nearly all marine 
connecting-rod, and thus acts directly on the crank without the engines, to which we must now refer. On board ship the 
intervention of any side levers or other similar contrivances, utmost care has to be taken to guard against fire, and hence in 
In this way a considerable saving of room is effected, and the the boilers the furnaces and flues are always entirely internal, 
machinery is rendered less cumbrous and complicated ; but being surrounded in every direction by a layer of water. They 
.there is the disa<l vantage that the stroke must of necessity be ore usually made 
somewhat short, and the connecting-rod likewise is short, so that sufficiently large 
there is much additional wear and strain. Some plan, too, has to allow a boy to 
to be devised for making the piston-rod move in a straight line, enter and clear 
as the strain on it from the short comiocting-rod is very groat, out any deposit, 

This is sometimes effected by moans of a series of jointed rods as this would 
which form a “parallel motion ; ” in other cases a cross-head is injure the plates 
attached to the inston-rod, and is made to slido between fixed if allowed to ao- 
gmdos wbich keep it in its place ; while in other engines, again, cumulate against 
the oyliiulor itself is made to oscillate on trunnions fixed near them. The flues 
its centre, the steam being allowed to enter through these, should also bo so 
The piston-rod is then connected direct to the crank. arranged that 

It is by no means uncommon for two of these plans to be the steam, when 
combined, and thus we sometimes see steamers in which there generated, can 
are three cylinders, the outer ones being fixed, while the centre easily rise. If it 
one is made to oscillate ; nor is it unusual for the fixed cylinder remains long in 
to be inclined or inverted so as to act more readily on the contact with the 
shaft. The variety is in fact so great, that scarcely any two plates, it keeps the water from them, and thus allows them to 
engines ore built on the same model. become unduly heated. 

There was at first some difficulty in imparting a sufficiently The utmost care is, of course, required in feeding the boiler 
rapid rotation to the scrow^-shaft, and the plan was introduced so as to maintain the water at a uniform level, and here there 
of multiplying the speed by means of toothed gearing. In this is an important point of difference from land boilers— the* feed- 
form a large wheel is put in motion by the engines, and the water is salt. Now only pure water passes over in tho form of 

teeth of this work in those of a smaller one on tlie crank-shaft, steam, and hence the water remaining behind in the boiler 

and th>i8 tlie HT)eed is largely increased. This plan answers rapidly becomes charged with tho various salts which enter into 
much better than might be expected, and when the teeth are i the composition of sea-water. The result of this is to cause a 
made of hard woml and woll-shapod, there is little wear, and 1 thick deposit of scale on the boiler, and at the same time to 
they work very steadily. It was, however, soon found that the { corrode the plates. This difficulty is usually overcome by 
speed of the piston might be safely and easily increased, and at blowing off into the sea a certain portion of the contents of tho 
the same time the stroke might bo shortened ; and hence | boiler, and thus getting rid of the excess of salt, and maintain- 
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ing the water at a proper density. The engrineer in oharffe 
must frequently test the water in the boiler, to make sure that 
this is profierly done. As a general rule, from a quarter to a 
half of the amount of water supplied to the boiler has to be 
“blown off** in this way, and the best plan is to have a special 
cock provided for the purpose, and capable of exact adjustment. 
This should be kept continually open to such an extent as to 
allow a constant stream to escape, sufficient in quantity to keep 
the water at a suitable degree of saturation. 

It is best to take the blow-off water from the surface, as 
various particles of “ scale ’ ' and other impurities are carried 
there by the ebullition. .A largo shallow pan is therefore placed 
a few inches below the surface of the water, and the blow-off 
leads from the centre of this. 

There is manifestly a very considerable loss of heat by this 
plan, and to obviate this to a certain extent surface condensers 
are now generally adopted. In those the condensing water is 
not allowed to mingle with the steam, but is made to pass 
through a series of pipes on tho surface of which the steam is 
condensed. In this way the condensed water is perfectly fresh, 
and the boiler is fed with this, so that tho same water is used 
over and over again. This plan alone will not answer, however, 
as a portion of the steam escapes and is lost, and besides this, 
the water soon becomes so foul from the grease used, and tho 
particles worn off tho bearings and other parts, that it corrodes 
the plates to a great extent, and causes the engine to “ prime ” 
very much. 

The best plan appears to be to work the boiler at first with 
salt water till a thin scale has formed, which serves to protect 
the plates. The boiler is then fed more from the condenser, 
and less from the sea; but a certain portion of sea-water is 
always used so as to keep the water clean, and to maintain tho 
density in the boiler about equal to that of the sea. The less 
oil or tallow is used, the better. In this way there is a much 
less amount of “blowing-off ” requisite, and the boilers ore 
kept in good condition. 

Whichever form of condenser is adopted, it is very desirable 
to make arrangements by which it can, if necessary, be fed from 
the bilge of the vessel instead of from the sea. In this way a 
leak in a vessel may often be kept under, and large ships have 
sometimes been thus saved. 

In engines used in river steamers the mud with which the 
water of the stream is frequently impregnated is sometimes a 
source of difficulty and disaster. Thus in the large and j)Ower- 
ful steamboats which run on the Mississippi the quantity of mud 
held in suspension in the water of this river bqlow the mouth of 
the Missouri frequently causes an explosion in the boilers by 
accumulating in a thick stratum at the bottom, as the salt 
accumulates in n marine boiler. The only remedy is to blow 
the water out of the boiler from time to time. This, however, 
is frequently neglected, and has cn,used many of the terrible 
steamboat accidents that have occuri’od on the American rivers. 

Before passing from tho subject of marine engines, we have 
yet to refer to a kind of propeller introduced some years ago, 
and tried in H.M.8. Waterwitcht which was launched in 1866. 
In this there are neither screws nor paddles, tho propelling 
force being entirely derived from the reaction produced by two 
large jets of water, thrown from nozzles placed at her sides a 
little below the water-line. 

In the centre of the vessel is a large horizontal turbine four- 
teen feet in diameter, fitted with twelve blades. This draws 
tho water from the sea, and forces it into a large chamber, 
whence it passes along rectangular pipes to the nozzles. Of 
these there are four, two pointing forwards and two aft, and 
the water may be made to issue from either pair at pleasure, 
and thus propel tho vessel in either direction, a rudder being 
placed at each end. The vessel was tried and compared with 
the Vixen and the Viper^ two vessels nearly similar in size and 
make, but fitted with screw-propellers, and the result was very 
snti'ifactory. Tho speed attained by the Waterwitch was about 
midway between that of the other two vessels, being about 9J 
knots. 

In turning about, however, the other vessels, which were 
fitted with twin screws, had the advantage; but this could 
probably be easily remedied by altering the nozzles, so that 
they could eject the water at an angle instead of merely in the 
direction of the vessel’s length. This plan has not, however, 
been adopted in many other vessels. 


SANITARY ENGINEERING.—III. 

PHOTOMETRY, OR THE MEASUREMENT OP GAS AND 
OTHER LIGHT. 

In two previous papers wo havo dealt with the subjects of tho 
“Manufacture of Gas by Public Companies,” and “Gas-burners 
and tho Economy of Gas Oon.s;umption : ” we are now going a 
step further in the same direction, and shall endeavour to explain 
how gas-light is measured, how one burner can bo compared 
with another, and also how the comparative lighting powers of 
different samples of gas can be ascertained and defined. This 
is done by means of an instrument called a photometer, or light- 
measurer, which consists of a long rod — five feet is not an un- 
common length — carefully graduated from end to end, and fixed 
in a perfectly horizontal position ; at either end of the rod, at 
adjusted foci, are the means of fixing either sperm candles (for 
a reason hereafter to be explained) or various descriptions of 
gas-burners — ^arrangements, of course, being made by means of 
flexible tubes or otherwise for the laying on of tho gas — and tho 
, operation of tho matihino is as under. Tho experiments must 
I be conducted in a dark room, from which every ray of natural 
: or artificial light is carefully excluded, mth the exception of tho 
i lights which are tlio subject of investigation — i.t?., which have 
i to bo measured. Backwards and forwards along the rod with 
its fixed light at either end a small metallic frame travels which 
carries a scroon, a few inches .square, of paper, one portion of 
which is saturated with oil bo as to render it translucent, while 
the f>thor portion remains in its natural state. When tho screen 
is close to the light at .the one end, the shadow thrown by the 
opaque portion of tho paper is distinctly visible on the side 
opposite to the light ; and when moved along tho side to tho 
other md, the converse result is obtained. At some given point 
between the two lights tliere is no shadow thrown either way, 
the power of the two lights balancing each other ; the position 
of tho screen on the graduated S(5ale indicates the comparative 
power or measurement of tho light. 

Now as to tho way in which this is practically applied. Tho 
! unit of calculation adopted in practice is a sperm candle ono- 
sixth of a pound in weight and burning 120 grains per hour; 
this is called a “ standard candle,” and the “ standard burner ” 
in use in London is Sugg’s London argand, Number 1, which 
will indicate by tho photometer a light varying with the quality 
of gas — of, say, from 13 to 17 candles. We mention these 
figures, not as tho extreme which can bo reached, for oannol gas 
of superior quality will give a much higher result, os we shall 
show by some figures in tho sequel ; but as pretty well including 
all the ordinary qualities of common coal gas likely to be sup- 
plied for household i)urpoBes, and showing the way in which 
legislation is brought to bear upon tho subject, to protect the 
public and give some guarantee as to the quality of tho gas 
supplied — a necessary precaution, gas being, more, especially in 
county districts, almost a monopoly from tho mere necessity of 
the ease. We give an extract from one of the half-yearly 
“ instructions ” issued by the metropolitan gas referees to their 
examiners : — 

“ Tho burner to be used for testing tho common gas of the 
Gas-light and Coke Company (which is required to have an 
illuminating power of 16 candles) shall be Sugg’s London 
argand, Number 1, with a 6" X 12" chimney ; and for the gas of 
tho Imperial Gas Company and tlio South Metropolitan Gas 
Company (which is required to have an illuminating power of 
14 candles) Sugg’s London argand, Number 1, with a 6" X 
chimney. If at any time the ^ras flame tails over the top of the 
chimney, a 7" X 2" chimney ^ hall be U8e<l for the 16-candle gas, 
and a 6" X 2" chimney for tjiu H-candle gas.” 

It is evident that the power of compariHon thus obtained by 
the photometer may bo ajjplied to tlio comparison of larger or 
smaller burners, either with the standard candle or with each 
other, and it will thus be evident that the figures wo may quote 
will not be in any way hypothetical, but all founded upon the 
basis of actual experiment. The popular way of describing the 
quality of gas is also thus explained : 14 or 16-oandle gas, as 
the cose may be, indicating the amount of light given by the 
gas when burned from a standard burner and compared with 
standard candles. 

A ouriouB and handy little experiment may be tried with 
common fish-tail burners : — Let a small size Number 3 fish tail 
! be fixed to tho photometer in situ, and when all is arranged let 
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fihe light be suddenly blown out ; when the burner is sufficiently We will here give the results of some experiments oon* 
oooly place upon the top of it, where, as it is carefully turned, it ducted by gentlemen whose names are well known in oonneotion 
will easily stand, another fish-tail buimer of larger size, and then, with the subject as to the comparative illuminating power and 
turning on the gas, light the upper burner. Although the tube cost of gas as burnt through different descriptions of burners, 
and pressure and every oiroumstanoe remain exactly the same, and also as compared with other methods of lighting, 
the photometer will indicate a most remarkable increase in the Ssbies of Expebihents bt Dr. Pyfe, ooHFABiKa 
quantity of light— double in some oases or more according to Different Burners. 

i^e size of the upper burner. 


Having described in general terms the working of the photo- 
meter, we may here note various points to be attended to in 
order to secure an accurate result. 

llie length of the chimney used with the burner is of great 
importance ; by varying this even one or two inches 16-oandle 
gas may give the effect of only 14, and vice verad. The weight 
and qu^ty of the candle must be most accurately ascertained. 
It is not uncommon to obtain varying results fxom different 
parts, even of the same candle, from slight variations of density 
only; even a perceptible per-oentage of difference has been 
observed fxom a difference in the manufacture of the wicks — | 
plaited, strongly twisted, or otherwise. The pressure of the gas 
also must be absolutely uniform, as an increase or diminution 
will produce an immediate variation of light. And lastly, the | 
observation being conducted by the human eye, the difference 
of the power of vision possessed by various experimenters has a 
marked effect on the records. 

All these points have, however, been carefully considered by 
■dentifio men, and a photometric apparatus has been designed 
in which every possible precaution has been taken to ensure 
acouracy. In some instances throe or more arms duly graduated 
have been affixed to a central light, which is provided with an 
automatic apparatus for weighing the candle both before and 
after the experiment, conducted by a timepiece recording each 
second accurately by a dead-beat arrangement, the various 
operators, one to each arm, thus having a mutual check upon 
the results obtained. 

When we consider the magnitude of the interests involved, 
the tens of thousands, nay, hundreds of thousands of pounds 
expended per annum in gas, and that by Act of Parliament, 
where in force, the companies are bound to produce gas of a 
certain quality, it is evident that it is of the greatest import- 
ance to obtain an unquestionably correct result. 

Ckts legislation is immensely voluminous : we can only allude, 
as the basis of most proceedings under this head, to the ** Sale 
of Gob Act” of 1859. But the operation of this act being 
only permissive, it has been adopted by the City of London, 
one or two counties, and a few towns and districts, about fifty 


Buutbb. 

Onnmimptioa 
per hour. 

b'ght givea. 

lllun in ti UK power 
|.itr fiior orgHi 
buint. 

Jet 5" high . . 

1-0 

10 

1*0 

Small fish-tail 

1-98 


1*45 

Large ditto 

260 

4*0 

1*53 

Small bat's-wing 

30 

4*40 

146 

Large ditto 

4*60 

8*40 

1*87 

Argandof40holeB 

4*50 

7*84 

1-74 


These experiments were all made with cannel gas. 

2. Experiments bhowino the Comparative Cost of 
Different Lighting Materials, the same Amount 
OF Light being obtained in eaoh case. 

8. d. 

Spermaceti candles 

Paraffin ditto 3 10 


Tallow ditto 2 8 

Sperm oil ^ 

Gas 0 


There is a popular impression somotimos prevalent that gas 
is unwholesome : the following table details experiments in 
which fiames of equal power, photometrioaUy ascertained, were 
placed in an exhausted receiver constructed for the purpose — 
the time at which the light became extinguished for want of 
oxygen giving a comparative figure from which some idea may 
be formed of their effect upon the atmosphere of an ordinary 
room 

Cannel gas, 28 candle power, burned for 152 minutes. 

Goal gas, 13 candle power 


Spermaceti candles 88 

Wax candles ... 70 

Sperm oil ... . 76 

Tallow 75 

Colza oil ... . 71 


Cannel gas wo have now alluded to almost for the first time. 
The quality of tho coal from which it is made has the peculiar 
property of producing a pas of much greater illnminating power 
than ordinary commercial coal gas. A glance at the table last 


in number ; the quality of gas elsewhere being subject only to 
the conditions imposed on the private Acts under which the 
companies are constituted, and of these it may fairly bo said 
that their name is Legion, and their stipulations infinitely 
various. Several amendments of this Act of 1859 have been 


quoted will give some idea of its comparative purity ; but at 
^e same time it should be stated that the cost of its produotion 
is greater in almost a similar proportion. It has been so ire- 
times used mixed in certain proportions with common gas with 
good results. In oases where private gas-works are erected it 


before Porliamont in successive sessions, but for all practical 
purposes it is still in force. Our limits, and the object of our 
paper, do not allow us to go into the question of its working 
machinery — i.e., constituted authorities, method of adoption, 
which, as we have said, is permissive — appointment and duties 


may be highly recommended for some special purpose — e.g., for 
delicate man^aotures, where the qvaWy of tho light is of more 
importance than its cost ; also for situations where it is of im- 
portance that the products of combustion shall be as free as 
possible from deleterious elements. Picture gaUeries may bo 


of inspectoTB — all points exceedingly interesting to parties eon- mentioned as an instance. 

oemed. To bum it with advantage it requires special adaptations of 


Going further, the question of tho quality of gas, and the 
methods of testing it, the operation of the photometer may be 
taken as meohanioal only ; but it is possible, by means of chemi- 
osd analysis, to arrive at far more accurate results : as, however, 
the experiments necessary require scientific knowledge of a high 
class, and also expensive apparatus, we may content ourselves 
by indicating the impurities that may thus be discovered, and 
some of the moans employed. 

It is of paramount importance that no admixture of atmo- 
spherio air should be allowed. Samples of the gas to be tested 
are therefore collected by means of a mercury trough into small 
gas receivers called eudiometers, and submitted to various 
chemical combinations. For estimating the amount of carbonic 
acid, oaustio potash may bo employed, and subsequently of 
oxygen with pyrogallic acid, and by a sequence of delicate 
operations the proportions of light oarburett^ hydrogen, car- 
bonic oxide, hydrogen, and nitrogen can be successively ascer- 
tained ; these operations, however, being strictly the domain of 
the laboratory, do not fall within the scope of these papers, 
though thoir soientifio importance is undoubted. 


burners and pressure different from those in ordinary use, as 
if consumed under the same conditions as ordinary coal gas, a 
large proportion of its singularly powerful Uyhfing qualities is 
wasted. Our space will not allow us to go into detail upon 
these points, whioh, indeed, are scarcely included within the 
range of domestio engineering, as, except for a factory, a large 
mansion in the country, or somewhat similarly extensive re- 
quirements, private gas-works are rarely met with. In a sub- 
sequent paper, however, on the special subject of private 
gas-works, we shall probably give some idea of how its advan- 
tages can be made available, and of the various modifications 
of detail required for its profitable consumption. 

At some future day we have no doubt that the progress of 
discovery and experiment will provide us with a gas made from 
petroleum, whioh in cleanliness of burning and lighting power 
will far exceed any gas at present in the market. This, how- 
ever, is only a speculative notion. As a matter of business 
nothing of the kind has yet been developed to the point of oom- 
meroial success, though the experiments made with thia special 
end in view have been voiy numerous. 
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OPTICAL INSTRUMENTS.— VIIL 

BY aUfUBL HZaHLET, F.G.S., BTO. 

SPECTACLi; LENSES. 

Th»ir The leneea employed for oorreotiiig defeotiTe 

tiiioii ore of two type|— the converging, which bring parallel 
rays to a focal point, and the diverging, which cause parallel 
rays to turn outwards from the axis of the leim. 

The conrerging include the bi-eonvesit, a (Fig. 15), the pla/M» 
convex, B, and the conca/vo*convex or positive meniscus, 0 (with 
■horter radius of the oonyex surface) ; the diverging, the bi- 
concave, B, the plano-concave, b, and the conv^-conewve or 
negative meniscus, p (with shorter radius of the concave 8ui> 
face). As the plano-convex and the plano-concave have, for 
equal degrees of power, the greatest aberration, they are least 
B^ted for spectacle glasses. To the menisci Wollaston attri- 
buted the advantage that the images suffer less when the 
observer looks obliquely (from the axis) through them, so that 
the eyes can move with a greater angular range behind such 
glasses, hence they are termed periscopic (from nspieKoircTp, 
“ to look around *’) ; but Brewster, while allowing their value in 
a crowded city, in warning us of the oblique approach of objects, 
asserts that menisci decidedly give more imperfect vision than 
the ordinary form employed for spectacles, as they increase 
both the aberration of fig^ and colour.* Under certain con- 
ditions the periscopic form is liable to pro- 
duce disturbance, by reflection on the concave 
surface turned tow^g the eye of the wearer* 

It is, therefore, on optical grounds, rather 
thft-n from the fact that periscopic lenses are 
somewhat more expensive, that preference is 
usually given to bi-oonvex and bi-concave 
spectacle glasses. With these we can see 
satisfaotoiily in an oblique direction unless 
the power is very high; and when strong 
glasses are requir^ the periscopic form en- 
tails the disadvantage of a greater weight of 
glass; so there is ample reason for not assent- 
ing to that unconditional preference for the 
periscopic lens which some surgeons and opti- 
cians profess. 

Material employed for Spectacle Qlasses . — 

Book-crystal and glass are the materials em- 
ployed in the construction of spectacle lenses. 

The former is usually called by the trade 
pebble, or Brazilian pebble, being a natural 
crystal, the samples best suited for optical Fig. 15. 

pu^oses being imported from the Brazils. 

As it is of equal density throughout its mass, very clear, ex 
tremely hard, takes a voxy high polish, and is cooler than glass, 
it is usually selected for the best class of spectaolos, for it is 
important that spectacle lenses should be colourless, of equal 
tn^parenoy throughout, be free from stri®, blebs, etc., and 
have a high polish, which shall not be readily deteriora^ by 
wear. Next in value as meeting these requirements is flmt 
glass ; but as crystal and flint glass possess a high dispersive 
power, crown glMS, though softer and so much more liable to 
injury, is preferable for the construction of ** strong glasses,” 
especially of concave glasses. The cheapness of crown glass 
compensates for its deteriorating quality, for if spectacle lenses 
of this material become scratched through constant wiping or 
being laid carelessly about, their low price makes it easy for 
those of limited means to replace them. A glass dulled by flue 
scratches over its surface should be banished from its frame, as 
it tends to strain the sight of the wearer. 

It is very important that the optician should be readily able 
to distinguish a pebble from a glass lens ; also whether a pebble 
is of go^ optical character, or has been improperly cut. We 
may distinguish between i^e two, first, by determining the 
hardness, for rock-crystal, being considerably harder than glass, 
w^ scratch it ; or by drawing the edge of the sample under 
trial briskly over a file it will emit sparks and not yield, while 


* The differeiMse im definition between a periscopic and a convex 

lens (both being of equal focus and diameter) should be noted by pro- 
jecting the image of a oandle-flame on to a sheet of paper placed in a 
dark room, the two lenses being held edge to edge. The image teem 
the periscopic lens will be surrounded by a dazzling halo. 


glass, on the contrary, will break down into fine powdeiy par* 
tides. Again, on applying samples of gloss and pebble to the 
tongue, the latter will prove to ^ much colder than the other ; 
the experienced will even detect this by the touch of the finger 
only. But these tests do not tell the optician all he wants to 
know, and the tourmaline polatisoope gives the desired infor- 
mation in the simplest and readiest manner. This instrument 
condsts of two thin slices of hair-brown tourmaline, out parallel 
to the longer axis of the cry sta fl, fitted in oorks, and mounted in 
rotating tubes that faoe ea^oiher, which are supported by two 
spring blades, attOohed W a handle, in such a manner that a 
lens, etc., can be placed amd held between the two pieces of tour- 
maline, as shown in Fig, 16. On rotating one of the crystals 
two positions will be found, one in which the colour of the tour- 
maline is apparent, with perfect transparency ; the other when 
the crystals stand at right angles to t^s position, and the field 
of view is perfectly obscured. If now we introduce a lens of 
glass between the tourmalines (without disturbing their posi- 
tion), the field will still appear opaque, and any glass lens will 
give the same result,f and so indicate oharooteristios of the 
material. If we now replace the glass with a properly-made 
rock-crystal lens the transparency of the field of view will he 
restored, but will be quite free from colour (the tint of the 
tonrmalinea allowed for) ; if, on testing other pebble lenses, pris- 
matic tints, rings, or bands appear, we learn that the material 
is rock-crystal, but that it has not been out 
with proper regard to the optical and crys- 
tallographic properties of rook-crystal (which 
will be hereafter described under Apparatus 
for the Polarisation of light). Brazil pebbles 
are imported in rough blooks, but are really 
more or less defaced or water-worn c ry s t a ls 
of the purest quartz. These are out on a sUt- 
ting-wheel, by the aid of diamond powder, into 
slabs or pieces of the size required; but if 
out in other directions than parallel to the 
longer axis of the rock-crystal, tints of oolonr 
of greater or less intensity will appear in the 
lens ; and if a slice were out at right angles to 
the axis of the rook-orystal, a series of well- 
defined prismatioally-ooloui^ rings would ap- 
pear in the lens, which would indicate its 
unfitness for a spectacle lens; for though 
these colours would not be apparent to the 
wearer, it would possess refractive properties 
that would tease the eyes, for pebble is a 
double refraotive body, and if sliced in certain 
directions, through ijnioranoe, oarelcssness, 
or indifference to oonsoientions workmanship, two objects in- 
stead of one are seen. Such lenses, together with those that 
possess wavy appearances, bubbles, or other defects, are techni- 
cally called **wa8ter8,** and, nnfortimately, are not unfreqnently 
met with. No respectable optician would knowingly admit such 
refuse into his stock. 

The process of working single and achromatic lenses will be 
described in a separate article. 

As spectacle lenses are of universal and daily requirement, 
they are now, as a matter of neoeasity, nearly always produced in 
quantity by the aid of machinery; tiiongh, os a rule, preference 
is to be given to lenses carefully worked by hand, under the 
keen eye of a skilful workman, who brings brain and touch to 
detect all defects of form, centering, and polish. 

To determine the Focal Length of Lenses.-— It is essential that 
the optician should have a r^y method for determining the 
focal length of lenses, not only of samples in stock, but of those 
brought by oustomers in their speotaole-frames, which they 
require to be matched or replaced with others of higher power. 
The usual method followed in the shops in regard to convex 
lenses is to throw the image of the window-frame formed by the 
lens on to a sheet of white paper placed against the wall in 9 
dark comer, and then (after moving the lens to and fro till 
perfect definition of the window-bars is attained) to note with 


t Unless it be purposely wnoMMoUd—a thing not likely to be mat 
with in ptaotioe— in which case coloured rings, etc., would appear, 
intersected by a black orosi. Such glass would he unfit for speetscls 
lenses. 



Pig. 16. 




178 


THE TEOHNIOAL EDUCATOR 


Or the inverted image of a candle (placed at some feet distance 
from the wall) is noted in the same nuumer ; or, better still, if 
it were not that it is not always available, the image of the 
snn, or, as it is termed, the sola/rfoeutf may 1 m employed. Bnt 
it must be observed that these methods only give the value 
at>proximately ; and for the reason given in the foot-note at 
page 111, Vol. I., the object selected (whether window-frame, per- 
forated idno, or candle) should always be placed at a fated w 
itcmdard distance from the lent tender trial of at least 18 feet, 
so as to deal with what are practically parallel rays. The image 
being then focussed on a screen that moves away from the lens, 
the intervening distance or focal length is measured by a tape 
or wooden so^e. In communications between customer and ^ 
optician as to a lens of a required focus, say to replace a broken < 
glass and pair with the remaining one, ^e method followed for ' 
determining the focus and the distance of the window at candle 
from the wall (or lens) should be ascertained to avoid error, 
for it will bo found that the focus Obtained by using a near and 
then a distant object will not give identical results. As it is 
not always possible or convenient to obtiiin a range of from 18 | 
to 20 feet for the method of testing just described, a simple and 
better method is to use as an object two lines ruled parallel on 
a sheet of paper, and then view this with the lens to be tested, 
held at about a foot distant from the eye, and so far from the 
paper that both lines can be accurately seen. We now place 
the standard trial-glasses of known focus in succession beside 
this, in the same plane, with the edges touching and the centres 
in a line, till we find the number that gives an image of equal 
magnitude. When the two lines appear continuous through 
both lenses, the number on the trial-glass will indicate the 
focal length of the lens tmder examination. On the other hand, 
should the lines appear disjointed, thus, ZZZZZZH, 

then the standard lens does not match the glass under trial, 
and another must bo sought. By thus trying with what trial- 
glass a lens agrees in magnifying or diminishing power, we can ; 
determine the focal length not only of convexes but also of con- 
caves. The most common method of ascertaining the focal 
length of concaves is to place them in contact with the surface 
of a convex lens that will best fit the concavity of one face, i 
When this is accurately done the power of both lenses will bo | 
neutralised, for wo convert the conjoined lenses into what is | 
equivalent to a meniscus of equal curvatures ; in which case, the | 
two surfaces being parallel, all lenticular properties are wanting 
(sec Fig. 15) : and on holding them in contact between the finger 
and thumb, and moving them to and fro at some distance before 
the eye, an object seen through the pair will appear fixed, equal, 
and of the natural sise, and the known focal length of the convex 
will give the value of the concave. Should the convex, however, 
not be of exactly the same focal value as the concave lens under 
trial, then the objects observed will appear to have a tremulous 
motion, or larger or smaller than they really are, and the proper 
neutralising lens must be sought. When we have no standf^ 
trial-glasses of known focus at hand wherewith to determine 
the power of a concave glass, we may ascertain its focal length 
approximately by treating it as a concave mirror. Beflect the 
image of a bright flame on to a sheet of white paper, and when 
well defined, measure the distance between the centre of the 
concave lens and the screen, and so obtain a direct reading. 
The focal lengths of convex and concave lenses may also be 
accurately and conveniently ascertained by Dollond’s focimeter, 
for by this instrument we ensure a trial under conditions that 
ore invariably the same. 

Dollond’s focimeter^ as improved by Phelps, consists of a 
small telescope, specially adjusted for the purpose required, 
mounted on a long square bar of wood 5 feet in length ; this 
is graduated up to 48 mches down the centre of the bar, the 
sero point of the scale corresponding with the plane of the 
object-glass. On one side a comparative scale corresponding 
to the ihrench standard is engrav^, on the other the Prussian 
scale ; so that we can at once determine any discrepancies as 
to lenses that have come from foreign sources, and been marked 
^oordingly in French or Prussian inches, or for use in supply- 
ing glasses ordered by surgeons who employ foreign trial-cases. 
O^r the bar traverses a stage that cturries the object to be 
focussed. The lens under trial, if a convex, is held immediately 
in front of the object-glass of the telescope with one hand, 
while the test-object is moved to and fro with the other till it 
Is distinctly defined. The reading is then observed through a 


slot in the traversing stage that oorresponds to the plane ol the 
test-object. 

When concave glasses are to be tried, a brass cap fitted with 
a correcting lens suited for focal lengths of from 1 to 8 inches 
is fitted in front of the object-glass. The concave is then tested 
in the same manner as previously described. Should it prove 
above 8 inches in focus, the correcting cap is replaced with 
another suited for a range of from 9 to 14 inches, which com- 
prises the usual range employed in England. 

At page 807, Vol. I., of Thb Tbchnical Educator I have 
entunerated the glasses supplied in the German trial-oases, and 
also the aeries usually furnished in the set of English convex 
triers,” viz., 6, 7, 8, 9. 10, 12, 14, 16, 18, 20, 24, 80, 86, 48, 
which numbers express the focal lenigths of the convex lenses 
inserted in the frames. The set of English ** concave triers ” 
usually includes a series numbered from 1 to 14. Such numbers 
should indicate negative focal lengths corresponding to 4^^ 
positive focal lengihs of the convex series, for it is the only 
standard that is scientifically correct and admitting of universal 
application, for the reason that while all double-convex lenses 
are worked in a concave tool, the curve of which has a radius 
equivalent to the focal length of the double-convex lens it pro- 
duces, all concave lenses are worked on a convex tool, the curve 
of which also has a radius equivalent to the focal length of tiie 
double-concave it produces. Thus, a concave tool of 7 inches 
radius would be used to work the two surfaces of a double- 
convex lens of 7 inches focus, and a convex tool of 7 inches radius 
to work the two surfaces of a doMe-concave lens of 7 inches 
focus. By following this method of making the numbers in 
the trial-oases, and on the lenses supplied, represent the focal 
lengths of concave as well as convex lenses, we have a ready 
means of determining the focus of concaves as previously de- 
scribed, wherein the concave curves neutralise the convex 
curves, and reduce the combination of two lenses of the same 
foci to the optical value of a piece of glass with parallel faces, 
though the surfaces are curved, as shown in Fig. 15 B, and still 
more strikingly shown in Fig. 15 B, which represent a plano- 
convex and a plano-concave, each of 14 inches focal length, 
mode from the same tools of 7 inches radii, wherein the perfect 
parallelism produced by the combination of the two lenses is 
palpable. Unfortunately, this simple system, the common-sense 
and scientific value of which are self-evident, has not always 
been followed ; and the ** shop element,” in the interest of 
quack oculists, has led to the introduction of arbitrary numbers 
and scales, that could only have been adopted to fog ” those 
who were not in “the favoured circle.” Thus, according to 
one arbitrary system (as a sample of many others), a concave 
numbered 1 corresponded to a 24-inoh convex ; No. 2 concave 
to a 21-inoh convex ; No. 8 concave to an 18-inoh convex, and 
so on ; instead of 24 concave = 24 convex, 22 concave = 22 
convex, 18 concave c= 18 convex, and so on. So that if a 
patient went to any other optician but that recommended by the 
oculist ho would not obtain the glasses absolutely required. 
Again, I have before me an arbitrary scale of German invention 
that does not correspond to the standard of any nation. It 
runs in the following fashion : — 

Up to No. 7 it oorresponds exactly inch for inch with the 
English scale ; then — for convex numbers — 

8 naarly corresponds with our 8} indies. 
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No. 30 in this scale is the zero point for the conoave series ; 
and going upwards — 
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K o. 8 » 8 of tha Qannan loale. 
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„ 10« 6 „ 
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1 need hardlj say idiat no respectable optician should coun- 
tenance any such arbitnuy or irregular scales, palpably devised 
for the purpose of “fogging” the uninitiated; and any “medio^ 
oculist ** who adopted such a scale could not feel aggrieved if his 
claim to a scientifio position were disputed, and he wm branded 
witii the title of “Quack,” for no true disciple of Sdenoe would 
ever give countenance to mysteiy. 

I must here give a caution as to the discrepancies which 
may arise from the use of trial-cases fumudied from different 
countries, any errors arising from which source I hope to correct 
by placing before the readers of Thb Teoknioal Educator, in 
a future number, a comparative series of measures of all nations, 
which would possess great value for many scientific and artistic 
purposes. The optician should therefore always be particular < 
to ascertain, when spectacles are ordered for a patient by an 
ophthalmic surgeon, whether he adopts an English, French, or 
German , series of trial-glasses. Tl^ugh this multiplicity of 
standards great confusion and annoyance have been caused both 
to opticians, patients, and surgeons. Undoubtedly, it would 
be an advantage for all scientific purposes if the IVench scale 
founded on Uie metre adopted by the Paris Board of Longitude 
were followed, as being the only standard established on a 
scientifio basis, our own and all other measures of length, etc., 
being arbitrary^ 

SPECTACLE - VRAM BS. 

The Frames, — ^Formerly the spectacle lenses were sup- 
ported in heavy frames of tortoiseshell, silver, or gold, but 
the two first are now seldom employed, tempered ste^ or gold 
having superseded such antiquitios, shell-work being only used 
for eye-glasses and spring-folders. As there arc many qualities 
of material used in the manufacture of blue steel spectacle- 
frames, varying from mere soft iron, or iron fronts with steel 
sides, to the very best quality wrought out of stool plate, par- 
ticular attention should be given to the lightness and temper of 
the work, for it is well to remember that a pound of pig-iron, 
which costs but a penny, can bo wrought into watch-springs of 
the value of ^6240 ! Some so-oaUed steel frames will be found 
to bend like a piece of bottle-wire, but the genuine article will 
always keep its shape. Provincial-made frames are produced in 
quantity, and seldom possess that finished workmanship which 
characterises the best London-made spectacle-frames. The 
price of a frame, then, depends upon the quality of its material 
and the finish of its workmanship. In a well-made frame the 
side-pieces should turn out from the hinge as firm and straight 
as the blade of a well-made penknife would do from its handle, 
for any amount of play in the joint should only exist after long 
wear and tesjr ; and there should be no perception of anything 
like a grating, rasping action when the side-piece is being 
worked backwards and forwards in its joint. Should the side 
be lengthened by a second piece, workmg on a “tum-pin,” the 
two should fold neatly and closely together, and the tnra-pin 
should hold them at any position in which they should be placed 
in relation to each oiher. When the side-pieces are turned 
doi^ they should protect, not scratch against the glasses, 
which, when packed away, should be guarded on their exposed 
side by the concave form of the spectacle-case, especially for 
oonvexes, which are more palpably exposed to injury by scratch- 
ing than the indented surfaces of concaves. 

It is a mere matter of fancy or fashion whether steel friunes 
are blue or “ straw colour,” either tint being produced at will 
in the process of tempering. The same may be said with regard 
to the shape of the lens-rims. Old-fashioned spectaclM were 
xuade with “ round eyes,” but as we secure a sufficient range 
of observation with the modem oval-shapqd glasses, without 
teasing the eye with the excess of light the antiquated round 
eyes admitted, the latter are now seldom employed but for excep- 
tional purposes, for they are not only clumsicnr in appearance, 
but also entail a greater and unnecessary weight. 

Kext to the proper selection of the glasses it is a matter of 
the greatest impcnrtanoe that the frames should accurately fft 
the fime of the wearer. And here I may observe that the ma- 
jority of people fail to notice the importance of having sudh an 


important organ as the eye aocprately measured and fitted ; yet 
pmwms who Would never dream of purchasing a pair of ready- 
made boots, or of putting on a suit of slop-shop riches, do not 
hesitate about taking the first pair of spectacles that are given 
to them from the stores of jeweUers, toy-merchants, and other 
dealers who dabble in optical goods ; who, they must know, 
if they gave a moment*s thought to the matter, have no pre- 
tensions to optical knowledge. Every optician must have met 
with a middle-aged housekeeper who has adopted a pair of her 
aged master’s cast-off spectacles, or a ne^y derk who has 
secured, as he thinks, “ a great bargain ” at a pawnbroker’s, and 
both of these types wonder why their eyes are fatigued and the 
sight deteriorated since they began to wear such glasses. 

The main points of construction are that one glass should 
not stand higher t h a n the other ; that the centre of each glass 
should coincide with the centre of each pupil (or otherwise they 
will act as prisms, and tend to create a squint), or but slightly 
less apart than the pupils for near-sighted spectacles ; that 
bridge or nose-piece should be flattened or arched out aocording 
to the shape of the wearer’s nose and face, so as to allow of 
distinct vision for distant objects over the top edge of the 
frame, and for concaves being placed nearer to the eye than is 
necessary or advisable for oonvexes; that the sides should 
press the head neither too tightly nor too lightly, but just secure 
a comfortable grasp ; and that “ the front ” is not so short for 
the wearer’s face that he looks upon the outer, or so long that 
he looks upon the inner edge of the glass or metal rim. 

If we apply these rules to the ever- varying proportions of the 
human face, it may be gleaned that when an accuraiely-oon- 
struoted pair of spectacles is desired, and a few days can be 
allowed to the optician, it is better to make them specially for 
each patient rather than take a frame from stock that nearest 
meets the desired requirements. 

The mean distance between the centres of the pupils of the 
eyes is on an average about 2^ inches. The exact distance for 
each person may be measured by means of the points of a pair 
of compasses, guarded with two small black beads, adjusted till 
I the points correspond to the centres of the pupils, while the 
person looks at a distant object to prevent squinting, which 
would give a deceptive gauge. The compass-points should be 
pressed on j>aper on which the patient’s name, with all other 
details for constructing the frames, should be filled in. 

The length of the bridge varies from 1 inch to 1^ inches. 
The longer diameter of an oval rim should be about inches, 
the shorter diameter about ^ inch. The joint or knuckle varies 
from -ft to ^ inch. 

I may here remark that the knack which some persons have 
of placing the bridge on the very tip of the nose ^ould be dis- 
continued, as injurious and absurd. On the other hand, pressing 
I the glasses too close to the eyes may irritate and inflame the 
eyelids, or at least the glasses will be dimmed by moisture from 
frequent contact with the eyelashes. The front should be per- 
fectly rigid, for if it yields the glasses lose their parallelism 
with the eyes, when vision will become disturbed and the sight 
distressed. The first joint or side-piece should be 4^ inches 
long, and so curved that only the last half-inch touches the 
head. The second joint or piece beyond the tum-pin should 
be 2 1 inches long. Whether one or two joints are employed, 
the ends should terminate in a loop, which is filled up with 
sealing-waix. 

The glasses as sent out from the grinding tool are xuund, and 
they are clipped into an oval form of the exact sise of the 
opening in the frames by means of a pair of flat-bladed nippers, 
which crunch off the superfluous glass bit by bit ; and the 
edges are ground even, and smooth, and angular in a small 
grindstone, supported in a water-trough. The small screws 
in the knuckles are removed to facilitate the insertion of the 
lenses so edged. The proper centreing of the glasses in their 
frames is effected during the process of shaping with the 
nipping tool. • 


PIIACTICAL PERSPECTIVE.— XL 
Flos. 52, 58, 54, 55.— The subject of this lesson has already, in 
Fig. 28, occupied the attention of the student} but in the 
former case the table was placed so that one of its sides was on 
the pioture-Une, the length being paraliol to the picture-plane | 
whilst in the present stu47 recede at certain angles* 
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mg. 52 ig the plan of the table placed at the required anglai qaired that the neareet angle ehall be eitnated, draw lines to the 
in relation to a straight line. Fig. 53 is the side eleTation — ▼anishing-points. 

that is, the exact geometrioflJ flgi^ which wonld stand on the From ▲ set off A B and A 0^ eqnal to the sides of the tidde, 
line A c oi the plan ; the points which wonld correspond are taken from the plan (Fig. 52). 

similarly letiwed. Fig. 54 is the end eloTation, dr that which From B and o' draw lines to the measnring-pointS) cutting 
would stand on the line a b. a tpI and A vf2 in h and c. . 



^ projection from these given From b and c draw lines to the opposite vanishingopoints, 

date {}} ig. 55). cutting each other in D, and this will complete the boundary of 

ttaving dra?m the piotwline, the horisontal line, and line of the plan, 
dire^on, fed the vaniahing-points — ^that is, construct at the On each side of A set off the tiiiokness of the legs, measured 
station-pfet 8, angles sex and o s f, similar to the angles from the plan or either of the elevations, and on the inner 
BA B and 0 A F in the plan. Produce these lines until they meet side of b and of o' set off ttie same width ; and from each of 
tfe homwtal line in vpI and vf2, and from these points, m these points, as before, draw lines — first to tho measuring- 
sbo^ in former lessons, fed the measuring-points. points, and than to the vanishing-points | and these will com- 

MOW from A on the picture-line, the point at which it is re- plete the plan. 
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The height a liaTing been marked on the perpendioolav ▲» liie 
reat d the figure will be worked aa shown in aeyeral previona 

43. 

Fnt into perapeotite the table ahown in the laat atodj, when it ia 


plaoed at a given diatanoe— aay 10 feet within the picture, the height 
of the apeotator in Fig. 55 being taken aa 5 feet. 


Fig. 56.— Thia atady ia a farther development of the previona 


It will now be obaerred tiiat whilat In the laat atndy (Hg. 55) 
^e front leg stood on the aqnare oorreapcmding with ▲ 5 a e 
in the present figure, it ia not so in this inatanoe, for the legs 
stand back, althoi^h the angle of the top of the bable yroold in 
reality tonc^ the piotare*plane. The leg, therefore, stands on the 
figure aefdf and the other three legs stand i^on the oorre* 
Bponding lozenge-formed figures in the angles of the inner 
figure. 



one, and ahows a table the top of whioh projects beyond the 
plane of the legs and framing. Having drawn the preliminary 
lines — the plan and elevations of the object according to the 
system shown in the last study — and having found the vanish- 
ing-points and measuring-points according to the angles at 


Having completed the plan, draw a perpendicular at A, and 
on this mark the points F and a for the full height and the 
thickness of the top of the table; from both of these points 
draw lines to the vanishing-points (not shown in this figure). 

From H and i, the two distant angles of the plan, draw per- 



which the sides of the object are supposed to recede, project 
the boundary of the plan. This done, set off from a, and also 
within the points on the picture-line ^m whioh the lines were 
drawn to the measuring-points, the widths, first of the projeo- 
tbn of ^e top of the table beyond the plane of the legs, viz., 
B and 0, and secondly, the thickness of the legs, viz., d and b. 

iVom all of these points draw lines, first to the measuring- 
points, and then to the vanishing-points. The process is, in faci^ 
a repetition of the last figure, excepting that there is a doable 
set d lines employed. 


pendiculars, cutting the lines drawn from F and o to the vanish- 
ing-points in j K and l m ; these will give the distant angles of 
the top of ^e table, for it will be clear that these will be exactly 
over the angles of the plan H and i, as f and q are immediately 
over the nearest angle a. 

From j and L draw lines to the opposite vanishing-pomts, 
whioh, cutting each other in N, will complete the top of the 
table. 

Now draw the perpendiculars e, a, and d for the nearest leg, 
and the two outer perpendiculars of the legs at H and i, leaving 
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the third perpeudioiilar of each of these, and also the whole of 
the ^stant foiur^ leg for the present. 

It is now time that the framing under the plate of the table 
■honld be drawn. This is not on the same plane as the edge of 
tlto table, but forms in most oases a portion of the plane of the 
legs, whilst in others it is mortised so as to leaye the lege a 
little more forward than the surface of the framing. For the 
sake of simplicity, the former case is assumed. It becomes 
necessary, therefore, in the first place to mark its true height in 
the foreground, and then carry it back. 

On the perpendicular A mark the real height of the bottom 
line of the framing — viz., o ; and from h erect a perpendicular. 

Now from o draw a line to the yanishing-point, cutting the 
perpendicular h in p. 

On examining the plan, it will be seen that 5 is on the same 
plane as the point a, and therefore the perpendiculars h and a 
are on the same plane ; hence a line drawn from p to the same 
point to which the line from h is yanishing must pass through 
the perpendicular on a iu the point Q, and this is' then the per* 
spective height of the framing. 

From Q draw lines to the yanishing-points, and then the third 
perpendiculars of the legs, and the distant leg, may be drawn, 
thus completing the object. 

Exbbcisb 44. 

The height of the table iu Fig. 56 beiug taken at 2 feet 6 inohes, 
put the sanie oL^jeeb into perapectire when standing at the same angle 
as in the last study, but at 6 feet within the picture. 

Exbbcisb 45. 

Put into perspeotire the structure represented in Fig. 43, when its 
sides recede from the picture at 40^ and 50^, when its nearest angle 
is at 3 feet on the left of the spectator, 10 feet within the picture, 
the height of the spectator in Fig. 43 beiug token at 6 feet. 

The subject of the next study is a prism formed of three 
equal sides. 

In Fig. 57 the object is placed so that the end is parallel 
to the plane of the picture, and in this yiew it will be easily 
understood that the end eleyation will form an equilatenJ 
triangle. 

Haying, then, drawn the horizontal line at the required height 
aboye the picturedine, and having fixed the centre of the picture 
and the points of distance, draw the equilateral triangle A B c' 
at the given distance on the right (or left, as the case may be) 
of the spectator. 

From A and B draw lines to the centre of the picture, for it 
will be clear that, as the equilateral triangle is the section of 
the prism taken at right angles to its edges, when the triangular 
end is parallel to the plane of the picture, the edges of the prism 
will be at right angles to it, and will therefore converge to the 
centre of the picture. 

Now from a set off on the picture-line a d, representing the 
true length of the prism, and from d draw a line to the point 
of distance, cutting a c in d'. 

From D' draw a horizontal line, d' b, and it will be clear that 
this line, d' b, is the perspective rendering of the length A B 
when at a distance within the picture equal to ad (see Fig. 11, 
Vol. I., p. 333) ; and it will also bo obvious that as the distant 
end of the prism is in this (^ase supposed to be parallel to the 
near one, it will, although diminished by distance, be an equi- 
lateral triangle, the base of which will be the line d" b ; and 
therefore, iu the present case, it would bo sufficient to oonstouot 
this equilateral triangle, and draw a lino uniting the apex of the 
first triangle to that of the second one. 

But this process would not, for the purpose of instruction, be 
a satisfactory one, ns it would only be applicable when the prism 
is absolutely an equilateral one. The following method is 
therefore given because it can be used whether t^ section be 
an equilateral, isosceles, or scalene triangle. 

From the apex of the original triangle, drop the perpen- 
dioular & F. 

From p draw a line to the centre of the picture, cutting d' b 
in o, and at a erect a perpendicular. 

Now from o' draw a line to the centre of the picture, cutting 
the perpendicular a in h. Then it will be clear that o H is 
the perspective hqight of the perpendicular F c' when at the 
given distance within the pictuM (as shown in Fig. 8, Vol. I., 
page 333). 

The point H is then the apex of the distant triangle, therefore 


draw d' h and b b, which will complete the projeotiofi of the 
prism, and it will be seen that o' F a H is a vertical aeotioii 
through the upper edge of the prism, dividing the whole object 
into two prisms, the ends of ea^ of which are the right^mgled 
triangles A f o', i/ o H and B F o', xa B. 


CHEMISTRY APPLIED TO THE ARTS.— XL 

BT OBOBOB GLAD8TONB, F.C.B. 

BULFHUBIC ACID. 

SuLPBUBio ACID, OT Bs it is oommouly called “oil of vitriol,’* 
is used in the arts for such a variety of purposes, that its 
manufacture is a large and constantly increasing one. 

Some of its uses have been incidentally mentioned in previous 
artioles of this series. It will be found mentioned in those on 
bleaching, dyeing, calico printing, and soda making ; but besides 
these uses, it enters into the composition of green and blue 
vitriol (the sulphates of iron and copper), and alum ; is used in 
medioine in the form of Epsom and Glauber’s salts and mineral 
waters ; and is employed in the mannfacture of ether, nitric, 
hydrochloric and acetic acids, and in the preparation of super- 
phosphate of lime for manure. 

This acid used to be made principally from rook or native 
sulphur, which occurs in many volcanic districts, but principally 
in that of Sicily. It had all to be imported from abroad, 
and at times it was found difficult to obtain an adequate supply 
at a sufficiently reasonable price. This compelled the makers 
to look for other sonroes of supply, and now they are almost 
independent of Sicily, copper and iron pyrites being used instead 
to a very great extent. 

Sulphuric acid (H^SO^) contains one atom of sulphur to two 
of hydrogen and four of oxygen ; but if we burn sulphur or 
roast pyrites, the gas given off will be sulphnrons oxide (SO,), 
which does not contain sufficient oxygen. An ingredient has 
therefore to be found which will readily give up to the sulphur 
some of its oxygen. Nitrate of potash or soda is found most 
suitable, as eitW is a very cheap article, and furnishes one 
more atom of oxygen. Water (11,0) completes the formula. 
The ingredients used in the manufacture are therefore few and 
simple, and hence the low price at which this most nsefol acid 
can be produced. 

The process by which the ingredients are brought into com- 
bination will need, however, a detailed description. The sulphur 
is burnt, or the pyrites roasted, in a furnace without any ad- 
mixture of fael, l^oause sulphur will catch fire and burn uf 
itself at a temperature of 302^ Fahrenheit ; and pyrites also 
will decompose with evolution of heat, so as to carry on the 
operation continuously when once started. When sulphur is 
used, it is spread upon an iron plate, which has been already 
heated from below, whereupon it immediately takes fire and 
bums slowly away, the air admitted being only just what is 
required to'^maint^n combustion. When pyrites, the sulphide 
of iron (b’eS.)* is to be employed, a furnace of more regular 
construorion has to be used, as the maintenance of the heat 
requires more management, and there is a large bulk to deal 
with, only one atom of the sulphur being driven off, the other 
remaining in combination with the iron. The furnace having 
been first heated snffioiently by burning some coke in it, the 
charge of pyrites is inserted through a door in the upper part, 
and is kept constantly supplied, the roa49ted ore being from time 
to time withdrawn through a door at the bottom. 

The sulphurous oxide given off in either case passes upwards 
through a large flue into the first chamber. In this fine are 
placed some saucers containing the nitrate of potash or soda, 
mixed with sulphur, or sometimes nitrio acid alone, which in 
the presence of the hot fumes of sulphuroua oxide is deoom- 
posed, giving off nitrio oxide (NO), which passes up the fine 
along with the sulphurous oxide into the ohraber. The cham- 
bers into which toe vapours pais vary in number and size in 
different factories, bnt they are necessarily veiy large, as all 
toe ingredients of toe acid are brought together in the condition 
of gas or vapour. Thus in one establishment where 74 tons 
weight of aoid are produced daily, five chambers are used, 
having an aggreg^ate capacity of 1 78,000 cnbic feet. These 
chambers are indeed one of toe principal sources of expense to 
the mannfaotnrer, for sulphuric aoid is ol so corrosive a oha- 
raoter. that it is ffiffioult to find any material that is applioau^ 
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wMeh will effeotiuilly withstand its aotioxL The only one 
miMle for this pnrpoie is lead ; and it is no wsj matter to 
build a room 80 or 100 feet longr of sheet lead, which shall be 
thoroughly air-tight A skeleton room has first to be constructed 
of open woodwork, and then lined throughout with heavy sheet 
lead. No solder can be used in joining the sheets together, as 
that would be soon eaten away by the acid, but they have to 
hfi made to overlap one another, and the space between them 
carefully filled in with white lead paint. Notwithstanding the 
greatest care, these chambers are very apt to get out of order, 
and they are therefore so arranged that aU parts of the roof, 
walls, and floor can be got at from the outside for repairs. 

The sulphurous and nitric oxides pass, as has heen already 
said, up the fine into the first chamber. They will enter this 
near ^e roof ; the leaden pipe connecting the first with the 
second chamto will be near the floor, and so on alternately 
throughout the series, so as to facilitate the intimate mixture of 
the gases with each other and the atmospheric air. In some 
factories, instead of having separate chambers, they have one 
long gallery partially divided by partitions made of sheet lead, 
the one partition extending from the floor upwards to near the 
oeiling, and the next from the ceiling downwards : this arrange- 
ment answers the same purpose of mixing together the gases in 
their passage through the gallery. 

The. nitric oxide will not, however, remain unchanged in the 
presence of atmospheric air, but robs the latter of some of its 
oxygen, and changes itself into the peroxide NO,. 

The water which is required is supplied in the form of steam. 
To a small boiler are connected a series of pipes, which are 
carried round the outside of the several chambers, and terminate 
in leaden pipes, which pass through the floors and walls some 
distance into the chambers : from these jets of steam are from 
time to time thrown in, which also contribute to the mechanical 
admixture of the gases, the position of the jets being so arranged 
as to produce as great a stir as possible. 

But the peroxide of nitrogen cannot remain unchanged in the 
presence of sulphurous oxide and watory vapour, and it loses 
again the atom of oxygen it has already stolen from the air, 
which now passes in turn to the sulphurous oxide, raising that 
to The sulphuric anhydride thus formed has again such 

an affinity for water, that it will take it up whenever present, 
and thus becomes converted into sulphuilc acid (H,B04), a 
thick oily liquid. 

This interchange of particles is constantly going on within 
these leaden chambers, and the resulting acid falls down like 
heavy drops of rain upon the floor. As sulphuric acid will con- 
tinue to absorb water in addition to the definite quantity re- 
quired to complete the above formula, the amount of steam 
injected into the chambers should bear a certain proportion to 
the quantity of sulphurous oxide which has been evolved from 
the sulphur or pyrites. This is a matter of simple calculation. 
Bnffioient water vapour should be supplied to reduce the acid 
to about a 54 per cent, solution : if it were to be made much 
stronger, there would bo a waste of sulphurous oxide, and if 
much weaker, there would be a waste of nitric oxide. 

When a quantity of acid of about this strength has accu- 
mulated on the floor of the chambers, it is drawn off, and 
has then to be distilled over, in order to raise it to the proper 
strength of the regular commercial acid, which should be 93 
per cent. For this purpose it first passes into the concen- 
trating pans, which are also made of sheet lead: there is 
generally a series of them communicating one with another, and 
each one slightly lower than the preceding, so that during the 
concentration the acid passes through the whole series. The 
pans have a movable covering made of sheet lead, and they 
rest upon plates of iron. Near the lowest pan is a furnace, 
the flue from which passes under the whole series,, so that the 
flame from the furnace beats upon the iron plates on which the 
concentrating pans rest. Sometimes the arrangement is altered, ! 
by which a great saving in the wear and tear of the lead pans is i 
effected. It consists in bedding them upon solid brickwork, ; 
and carrying the flue from the furnace over instead of under, so > 
that the suiriace of the acid itself forma the lower side of the ' 
flue, and the nitric and sulphurous fumes are carried away i 
through the flue with the hot air. Here any nitric and sul- | 
phuroua oxide which has escaped decomposition is driven off, | 
together with about 11 per cent, of water. As soon as the acid * 
has thus attained a 65 per cent, strength, the operation must i 


be stopp^ as the lead would snfRsr ff carried further, and soma 
of the add would be lost, sulphate of lead being formed. 

In the subsequent process, vessels of glass or platinum must 
be used. The danger attendant on the use oi the former 
almost compels the manufacturer to go to the expense of 
platinum retorts. One of these large enough to contain 20 cwt. 
of add will cost about A2,500, all the joints of the platinum 
b^g soldered with gold, the only metal available wMoh will 
withstand the action of hot concentrated sulphuric acid. 

The 65 per cent, acid is drawn from the load pan into the 
platinum retort by a glass syphon, and here it is gently 
boiled. The excess of water separates, and is drawn off by a 
tube, leaving the add of the full strength required, 98 per cent. 

The acid has now only to be transferred from the retort to 
the glass carboys, in which it is kept for sale ; but as it is very 
hot, and would ixifallibly crack the glass if not first cooled, it is 
drawn off by a long syphon made of platinum, which is encased 
in a hollow tube through which a stream of cold water is made 
to pass constantly, so that on its passage from the retort it is 
suffidently chilled to admit of its being poured with safety 
into the carboys. It cannot be left in the platinum retort till 
cool, because that would involve the extinguishing and re-lighting 
of the fire, and a very great waste of time, so that a greatly 
increased number of tiiese expensive retorts would be required 
in a large factory. The object of the manufacturer is, of course, 
to got the largest possible amount of work out of them, by 
keeping them incessantly going. 

Stilphurio add is used for such a variety of parposos, that it 
has become a very important article of commerce, and in this 
country more than *800,000 tons per annum are now made, the 
j greater part of which is oonsumod at homo, though it is shipped 
I to almost all parts of the world. Every 100 lb. of sulphur (or 
its equivalent in pyrites), with 3 lb. of nitrate of sodium, will 
yield about 800 lb. weight of acid ; the gain in weight being 
due to the oxygen and hydrogen, which are abstracted from the 
air and water within the chambers, 150 lb. of oxygen and 56 lb. 
of hydrogen being necessary to complete the combination. Bo 
large an amount of air is required for the supply of this oxygon, 
that were it not for a continuous inflow through the pipe which 
also supplies the sulphurous oxide, the reduction of the oxygen 
from the gaseous state, and the condensation also of the watery 
vapour, would cause the leaden chambers to ooUapse — an acci- 
dent not unlikely to happen upon the old system, now super- 
seded, of burning the sulphur within a closed chamber. In the 
(X^mmeroial acid there is a slight excess of water, rather more 
than oounterbalanoing the Iokh of sulphur during the process, 
which averages about 6 per cent. 

There is, however, another process of making this acid, which 
produces a purer article than the commercial acid, and is dis- 
tinguished as the Nordhausen, or fuming oil. Sulphate of 
iron, or green vitriol, when heated "to redness, gives off its 
acid without further decomposition; and advantage is taken 
of this circumstance by the makers. The crystals of green 
vitriol contain a large quantity of water in combination, all but 
one equivalent of which is readily driven off by calcination in 
an oven. The calcined article is then put into earthenware 
retorts, which are built into a furnace, the nook only protruding, 
and immediately that cloudy fumes begin to issue, a receiver 
containing a little pure water is attached closely to the neck of 
the retort. The fumes of sulphuric acid are absorbed by the 
water, and the process goes on until all the acid has been given 
I off : the receiver is then removed, the retort re-charged with the 
calcined vitriol, and as soon as the thick fumes reappear, the 
receiver is again attached. At each repetition of the process, 
the water in the receiver absorbs more and more of the acid, 
until it has attained its maximum strength. It is then trans. 
ferred to stone- ware jars, the stoppers of which are cemented 
down, in order to prevent its escaping into the air. It is a thick 
oily liquid of 1*9 specific gravity ; and contains some excess of 
SO3 unoombined with water, which, being very volatile, causes 
it to fume, forming with the moisture of the air a perceptible 
cloud. Thd furnaces are generally so arranged, that one source 
of heat vrill serve for the calcining ovens, and sometimes as 
many as sixty retorts ; but the process cannot conveniently 
be carried on upon the great scale adopted in making the com- 
mercial acid, and the cost of the manufacture is very much 
greater. The strength and purity of the faming oil rends-* it 
indispensable, however, for special purposes. 
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TECHNICAL DRAWING.— XXXVL 

FUNCHINa AND SBEABINQ ITAOHINX. 

Wb now gire, in Fig. 352, a tide eleration of one of the 
powerful maolunes which are employed for ontting or punch- 
ing holes in plates of iron for making boilers, girders, etc. 
One side of the machine, A, has shears, and the other, b, 
a punch, so that two sets of men may work at it if neces- 
sary. Motion is given to the upper shaft, c, by a strap to 


a plate of iron is inserted. Motion from the first shaft is 
transmitted through a second, H, to the large centre wheel, and 
at each end of the shaft which carries it there is a crank or 
eccentric, which gives motion to the sliding-blocks that carry 
the punch and shears. The punch may be put in or out of geu 
without stopping the fly-wheels ; and the balance weight, J, is 
intended to hold it up whenever out of work, that plates of iron 
may readily be inserted for punching, pla<^ in their proper 
position, and then the punch started. 



the large pulley, d. Two heavy fly-wheels, b and are 
keyed upon this shaft, and also a pinion, f, of singularly 
strong construction. In the lessons (see Vol. I., pages 849, 
359) which treat of the teeth of wheels, it has been shown that 
in the case of small pinions the lower parts of the teeth are 
comparatively weak, and so if they were subjected to the heavy 
strain that the whe^ of this machine have to endure, breakage 
would result, unless special arrangements be made to prevent 
it. Flanges, a and a', are oast on boi^ sides of th^ teeth, and 
give to them just the kind of support they require. The fly- 
wheels run at considerable speed, and their impetus overcomes 
the sudden resistance given to the punch b, or shears a, when 


This class of tool is almost the heaviest and strongest that is 
made, for it has to endure a pressare of many tons suddenly 
applied, while the necessity of having a wide opening at the 
place where pressure is exerted prevents the metal offering a 
direct resistance to it. The illustration we have given above 
shows a machine of good design and strength, and excellent in 
the arrangement of its various parts. 

BKELBINa XACHINB. 

Fig. 353. — This ranks with the lathe as one of the most useful 
tools in a workshop. The objects required in designing such a 
machine are to provide a vertical spindle that shall revolve at 
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Any desired xa;^ and be moved up or down qniokly by band or 
slowly at djEerent rates by self-acting meohanism. The lower 
end of this spindle must carry a drill that can be changed at 
pleasure. 

Below this spindle there must be an adjustable table, one 
that win slide into any position, or rise and fall while carrying 
the work to be dnlled, and also move aside out of the way to 
admit large objects under the machine. 

The d^ (^ga. 854 and 855) is a revolving cutter, and its 


and the worm-wheel, and worm outside. For quick speed the 
cone-pulley is bolted to the spur-wheel beside it, and which 
alone is keyed to the shaft ; but for slower speeds the bolt is 
withdrawn, and the second lower shaft driven by the cone-puUey 
from the pinion at the left-hand side. A similar pinion on the 
second shaft oonmiunicates a reduced speed to the large spur- 
wheel on the primary shaft, and so trwsmits motion to the 
drill-spindle. This arrangement is precisely similar to the 
back-gearing of a lathe. There are two cone-pulleys at the 



object is to form circular holes in iron or other material. It is 
held in a chuck, as shown in the enlarged scale (Figs. 356 and 
857). A smedl set-screw holds the sted drill in the chuck by 
the flattened part, so as to prevent its turning round. 

These sevend requirements are well attained in the drilling- 
machine illustrated. Motion is given to the coned pulley, and 
by placing the strap on the different cones four varieties of 
speed may be given to it. A pair of bevel-wheels communicate 
t)^ motion to a hollow vertical spindle, through which passes 
tiie drill-spindle, carrying chucks and drills at its lower end. 
On its upper end there is a hollow shaft of the same outside 
diameter as the drill-spindle, which has a rack upon it, and may 
be raised or lowered ^ means of a ninion inside the framing 


back of the machine, which give any required motion to the 
worm-wheel and rack that advance the drill-spindle, while a 
handle conveniently placed enables an attendant to move the 
drill-spindle up or down by hand, or put the self-acting mecha- 
nism into gear. 

. Below the drill-spindle there is a level table which can sUde 
backwards’ or forwards, and be raised or lowered, by a similar 
arrangement to that which raises or lowers the drill-spindle, or 
may he swung round upon a vertical shaft, and flx^ in any 
position by means of the locking-nut below. The grooves in 
the table are intended to receive bolt-heads and fasten any- 
thing down upon it, and the bed-plato below is provided with 
similar grooves for bolting down work of large dimensions. 
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NOTABLE INVENTIONS AND INVENTORS. 

XV.-PHINCB EUPEET. 

BT JOHN TIKNS. 

28rd, 1682, died of a feyer and plenriflyr at hia 
home in the Spring Garden, Enpert, Prinoe Palatine of tiie 
HhinA, etc., in eixty-thixd year of hie age " (** Historian'e 
Guide/’ 1688). ^ these few Ihiee wae annoimoed the-death of 
Prinoe Bobert Bnpert, of Bararia, whose oheokered fortunes are 
prominent in the records of the Civil War, and who, though 
wanting in most of the qualities which constitute a great man, had 
a quick perception, and was aotiwe and energetic. His taste for 
military pursuits led him to take an active part in the stormy 
times in which he lived ; bui he was impetuous and indiscreet, 
unpopular throughout the country, and had the misfortune, 
says Lord Clarendon, ** to be no better beloved by the king’s 
party than he was by the Parliament.” But he could readily 
change employments and pursuits, and to his possessing this 
serviceable quality may, perhaps, be attributed Bupert’s atoning 
for his ill Buccess in political life by becoming a working in- 
ventor. After his reconciliation with Charles II., Bupert took 
up his residence with the Elector of Mains; and here, says 
Mb. Eliot Warburton, in the first leisure of his manhood hU 
mind reverted, inth a sense of luxury, to the philosophical 
labours in which even his youth had taken pleasure. He now 
found new sources of interest in the forge, the laboratory, and 
the painter’s studio. 

It was during this lull in the active life of Bupert that he 
is said to have Recovered or improved upon the art of engraving 
in mezzotinto. While immured in the Castle of Lintz, he had 
exercised his genius upon some etchings that still bear Gie 
above date. He was long said to have discovered the art of 
engraving in mezzotinto, reported to have been suggested to 
him by observing a soldier one morning rubbing off the barrel 
of his musket the rust which it had contracted from being 
exposed to the night dew. The prinoe perceived, on examina- 
tion, that the dew hod left on the surface of the steel a number 
of very minute holes, so as to form the resemblance of a dark 
engraving, part of which had been here and there already rubbed 
away by ihe soldier. Bupert immediately conceived the idea 
that it would be practicable to find a way of covering a plate 
of copper with little holes which, being inked and laid upon 
paper, would undoubtedly produce a bl^k impression ; while, 
by scraping away in different degrees such parts of the surface 
as might be required, the paper would be left white whore there 
were no holes. Pursuing ^is thought, Rupert, after various 
experiments, invented a kind of steel roller, covered with points 
or salient teoth, which, being pressed against the copper plate, | 
indented it in the manner he wished ; and then the roughness 
thus occasioned hod only to be scraped down where necessary 
in order to produce any gradation of shade that might be de- 
sired. This anecdote obtained currency from its being related 
by Lord Oxford, in his well-known work upon the arts, as well : 
as from the avidity with which origins of the arts are commonly 
set down as the results of accident. In short, it is said that 
Prince Bupert tried and succeeded, and thus became the in- 
ventor of mezzotinto engraving. If mezzotinto really had its 
origin in such circumstanoos as those, which is far from being 
improbable, they must have occurred to another rather than to 
IPrinco Bupert, since he certainly was not the inventor of the 
art, as we shall presently show. 

^e merit of the invention has been claimed by some authors 
for Sir Christopher Wren, on the ground of a communication 
which he made to the Boyal Society, in 1662 ; the journals of 
which society for October of that year record that “Doctor 
Wren presented some outs, done by himself in a new way, 
whereby he could almost as soon do a subject upon a plate of 
brass or copper as another could draw it with a crayon upon 
paper.” Now, the engraved works in mezzotinto of Prinoe 
Bupert ore not numerous, and, we believe, do not exceed 
twelve in number r his principal work (the “ Decollation of 
John the Baptist,” after a design by Spagnoletti) bears date 
1658, which is four years earlier than Sir Christopher Wren’s 
communication to the Boyal Society. In 1662, the date of 
Wren’s communication, the Boyal Society was founded; and 
in the same year the celebrated John Evelyn published his 
** Sculpture,” in which the first announcement of llie now art, in 
England at least, appears ; and he dUtinotly claims the honour 


of the invention for Prinoe Bupert in a chapter “ on the new 
method of engraving, of mezzotinto, invented and communioated 
by His High^s P^oe Bupert, Count Palatine of Bhine,” eto. 
Evelyn embellishes the chapter with a specimen from the prince’s 
own hand, and concludes it with allnd^ to an account of the 
process, which he is preparing to be preserved in the archives 
of the Boyal Society. Now, as we have already seen, Prince 
Bupeit’s best perforznanoe anally bears date four years earlier, 
BO that there is no pretence for giving the invention to Sir 
Christopher Wren on the ground of anything which he has pro* 
dneed, or any oommunicarion which he may have made in 1662. 
Nor are the claims of Prince Bupert more valid, since he im- 
posed upon John Evelyn, who in turn, however, nnoonsoioasly 
imposed upon the world, by claiming for Prince Bupert the 
honour of an invention to which the prince well knew all the 
while that he had no title. 

The real inventor of this art was Louis von Siegen, a lieu- 
tenant-colonel in the service of the Landgrave of Hesse Cassel, 
from whom Prinoe Bnpert learnt the secret when in Holland, 
and brought it with him to England when he came over a second 
time in the suite of Charles II. Some curious and very rare 
prints, purchased on the Continent, and now deposited in the 
British Museum, place the claims of You Siegen beyond doubt. 
In this collection is a portrait dated 1643, wldoh wffteen years 
a/nterior to the earliest of Prinoe Bupert’s dates: there is 
another x)ortrait of the same date ; and another by Von Siegen 
bears the most conclusive evidence of its having been produced 
in the very infancy of the art ; besides which is the fact that 
Yon Siegen frequently attached “primus inventor” to his 
plates. There are also mezzotinto works by Fiirstenburg, 
dated 1656. 

It should, however, be added that the works both of Fursten* 
burg and ]^noe Bupert ore engraved entirely by the newly- 
discovered process of mezzotinto, and evince a more matur^ 
judgment of its powers than those of its inventor. Yon Siegen. 
It is not improbable, notwithstanding what we have said, that 
Prince Bupert, by himself, or with the assistance of Wallerant 
Yaillant, an artist whom he retained in his snite, may have 
improved the mechanioal mode of laying the mezzotinto ground ; 
bnt this observation does not apply to the principle of the art. 
We have abridg^ed these details from a statement which first 
appeared in the “Penny Cyclopedia,” and is considered to 
set this controverted matter completely at rest, and give the 
honour of the invention to its real author, the rarity of whose 
productions has hitherto favoured the claims of mere pretenders 
to the merit. 

After the Bestoration, Bupert was received with honour by 
the king; and Mr. Warburton tells us that the Prinoe esta- 
blished a seclusion for himself in the high tower in Windsor 
Castle, the king having appointed him Governor of the castle, 
and his residence being the Keep, or Bound Tower, which the 
prince soon furnished after his own peculiar taste. In one set 
of apartments, forges, laboratory instruments, retorts, and 
crucibles, with all sorts of metals, fluids, and crude ores, lay 
strewed around in the luxurious confusion of a bachelor’s 
domain; in other rooms, armour and arms of all sorts, from that 
which had blunted the Damascus blade of the Holy War to 
those which had lately clashed at Marston Moor and Naseby. 
In another room was a library stored with strange books, a list 
of which may be seen in the Harlcian Miscellany. 

The prince was an o];)erative inventor : he toiled at his own 
forgo, and was a scientific workman, and forged “ the thunder- 
bolts of war his hands so well could throw.” That ho was of 
a decidedly inventive and ingenious turn of mind, his experi- 
ments most abundantly testify. We find recorded in the 
“ Transactions of the Bioyal Society ” Bupert’s mode of fabri- 
cating a gunpowder of tenfold the ordinary strength at that 
time used. Next Bupert invented a mode of blowing up rocks 
in mines or under water, “an instrument to cast platfoms 
into perspective,” an hydraulic engine, a mode of maHng hail- 
riiot, and an improvement in the naval quadrant. His me- 
ohanioal labours include an improved look for fire-arms, and guns 
for discharging several bullets very rapidly. He also discovered 
a method of boring guns, vrliioh was afterwards experimented 
in Bomney Marsh by a speculator; bnt some secret of an- 
nealing the metal was not understood, except by Bnpert, and 
the matter died with him. More widely known is his chemical 
composition called “ prince’s metal,” of which oandlestiokB and 

* 
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small kitchen pestles and mortars are made : this is an alloy of 
copper anb sine ; it contains more copper than brass does, and 
is prepared by adding this metal to the alloy. It approaches 
nearest to the colour of gold. The finest sort is called ** pinch- 
beck,” from its improver, and was used in making watch-cases, 
etc . } it is also named tomhac (Spanish), and petii-or (French). 
These curiosities are now thrown into the sha^ by Abyssinian 
gold and electro-gilding. To the list of Bnpert's inventions 
must be added a mode of rendering blaoklead fusible, and re- 
changing it into its original state. His mode of tempering Kirby 
fish-hooim is amongst his lesser improvements. His favourite 
science appears to have been metallurgio chemistry. 

In glam-nukking Prince Bupert fitM up experimental works 
which adjoined Chelsea College — another enterprise of the day. 
The Bupert Works proved a nuisance, for we find by the Council 
Minutes of the Boyal Society that the College and lands might 
have been wril disposed of (before 1082), but for the annoyance 
of Prince Bupert's glass-house, which adjoined it; and Sir 
Jonas More wrote to the prince, at the request of the Council, 
urging him to " consider the Society, on account of the mischief 
his glass-house was doing to the college.” This was about the 
time that plate-glass was first made at Lambeth, in works 
supported by the Duke of Buckingham. “Prince Bupert's 
drops ” take their English name from having been first made 
known in England by Prince Bupert, and not from his having 
invented them, as commonly supposed. Their origin has been 
much disputed. Now, a drop of fused glass falHng into water 
might easily have given rise to the invention of these drops ; at 
any rate, this might have been the case in rubbing off what is 
technically called the navel — that piece of glass wUoh remains 
adhering to the pipe when any article has been blown, and which 
the workman must rub off. In a German dissertation on glass 
drops and their properties, published in 1695,’ the author states 
that he was informed by glass-blowers worthy of credit that 
these drops had been made more than seventy years before at 
the MecUenbnrg glass-houses — that is to say, about the year 
1625. They were exhibited at Kiel as early as the year 1687, 
and much astonished persons with their effects. They are 
stated to have been first made at Amsterdam, and called by 
the French larmes Bataviques (Dutch tears). Anthony le Grand 
states that they came from Prussia ; but as the drops were the 
result of a common operation in glass-houses, their property may 
have been commonly known among glass-blowers, but not so 
early observed by plulosophers. They were first brought into 
England in 1660, by Prince Rupert, and in the “ Royal Society’s 
Proceedings” occurs this entry; — “Aug. 14th. Sir itebert Moray 
brought in glass drops, an account of which was ordered to be 
registered,” the experiments being made by command of His 
Majesty ; and the first volume of the Royal Society’s register 
book contains a very long account of them and ^eir manu- 
facture. Butler, in “ Hudibras,” says— 

• “ Honour is like that glassy bubble 

That finds philosophers such trouble ; 

Whose least part crack’d, the whole does fly. 

And wits are crack'd to find out why.” 

The drop was called “a kind of miracle of Nature,” and through 
all the universities of Europe it raised the curiosity and con- 
founded the reason of the greatest part of the philosophers. It 
is thus described in the “ Philosophioal Transactions ; ” — “ The 
bubble is in form somewhat pear-shaped ; it is formed by drop- 
ping highly-refined green glass, when melted, into cold water. 
Its end is so hard that it can scarcely be broken on an anvil ; 
but if the smallest particle of its taper end is broken off, the 
whole flies at once into atoms and ^Sapj[)ears. The theory of 
this phmomenon is that its particles, when in fusion, are in a 
state of repulsion; but on being dropped into the water, its 
superficies is annealed, and the particles return into the power 
of each other’s attraction, the inner particles, still in a state of 
repulsion, being confined within their outward covering,” It 
exhibits in the most perfect manner the effects of expansion 
and contraction ; and each possesses this singular property — 
that if a small portion of the tail is broken off, the whole bursts 
into powder with an explosion, and a considerable shock is com- 
municated to the hand that grasps it. We remember Rupert’s 
drops, or “hand-crackers,” common at fairs, as well as “candle- 
bombs ” (a little water in glass, hermetically sealed), which are 
of about the same date as the ^ps. 


APPLIED MECHANICS.— XV. 

BT BIB BOBXBT 8TAWELL BALL, M.A., LL.D., 
Astronomer-Eoyol for Ireland. 

FLOUR MILLS (conc(«d*4). 

Thb adjustment of the pressure of the upper stone upon tiha 
I lower is of the utmost importance in the process of making 
flour. The major limit to this pressure is, of course, the entire 
weight of the upper stone. The adjustment oomdsts in re- 
lieving the ^ 

lower etone ^ 

of part of this 

pressure, by p 

transmitting r|i 

it along the ^ , B' — " I — ‘C 

spindle. JT . "1 ^ I 

To enable ^ L I 

this adjust- Ij 

ment to be LJ 

made, the ar- Q I d 

rangement ✓ ii u 

shown inFig. ^ 

1 is used. 

Q B is a lever of which the fnlorom is at Q ; the power is 
applied at the point b, by means of the screw b p ; this screw 
passes tiirough a hote in the fixed plate b o, and is raised 
or lowered by a nut ; b D is the lower bearing of the mill 
spindle, a. The spindle, instead of re^ng upon the bottem 
of the bearing, is supported upon a piece, H L. This piece 
passes through a hole in the bottom of the bearing at x, and 
is attached to the lever Q B by a pin at H. Thus, when 
the end B of the lever is raised, the shaft A is also raised. 
It is easy to see how delicately the adjustment of the pressure 
can be made with this apparatus. We shall suppose that the 
arm Q B is one-third of the arm Q B, and that Ike screw b p 
contains six threads to the inch. We shall compute the 
effect upon the distance between the millstones produced by 
turning the nut p through one-tenth part of a revolution by 
, means of a kety or spanner. If the nut were turned round once, 
j the point R would be raised one-sixth of an inch ; when the 
nut is turned through one-tenth of a revolution, b is only raised 
by ^th part of an inch ; the point H only receives a motion 
which is one-third of the motion of B, and therefore H is only 
raised ik>th of an inch. This is therefoje the distance by which 
the space between the millstones is increased. If the spanner 
by which p was turned was 8" long, the extremity of the spanner 
would describe a circle 25" long in one revolution, A move- 
ment of the end of the spanner through a space of hoR an inch 
would raise the point B through ^ inch, and 

the point H through pJjjth of an inch. It is thus evident that 
this mode of supporting the vertical spindle enables the distance 
between the miUstones to be adjusted with the nicest delioaqy. 
This adjustment requires some skill on the part of the miller, 
which his experience alone can dictate. 

Adjustments are also provided for the upper bearing of the 
vortical spindle. This baring is fixed in the ^ 
hole of the lower millstone. The object of the j 

. adjustment is to provide that the spindle shall / \ 

be strictly vertical, x t z (Pig. 2) represents If \ \ 

the hole in the lower millstone, o is the 1 ( q LJ 

spindle, and p, g, e are the three bearings. 

Tkese are wedge-shaped, so that by move- \X ^ 
ment perpendicular to the plane of the 
j paper, the spindle o can be adjusted verti- pjg. 2. 
oally above ite lowest point. 

MACHINES FOR RAISING WATER. 

Machines for raising water are very varied in form, aooor^g 
to the different circumstances for which they are required. 

' Sometimes a smell quantity of water has to be raised a consider- 
able height ; in this case ordinary force-pumps or lifting-pumps 
are employed. Soinetimes, as in drainage and similar works, a 
vast quantity has to be raised from a small depth ; for sudh 
purposes the chain-pump and the centrifugal p^p are found to 
i be suitable. Again, in other coses, such aa raising water from 
• mines, a large body of water has to be raised from a great depths 
' and pumping-engines of vast power are employed* 
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We may roagUy divide the maohines need for these different 
purposes into '^ree different olasses : — 

1. Maohines which depend upon atmospheric presenre. 

2. Machines which depend upon the inertia of water. 

3. Machines which simply lift the water. 

To the first of these classes belong the wcll*known forms of 
the. lifting-pump and foroe-pnmp. The second class includes the 
different kinds of centrifugal pumps and the hydraulic ram. The 
third class contains the Archimedian screw, the chain-pump, and 
very many other machines. 

We shall give a description of some of the machines in each , 
of these classes. 

The common lifting pump is 
shown in Fig. 3. It consists of a 
hollow cylinder of brass or iron, 
oast with a flange at each end, and 
turned internally so as to be per- 
fectly true. By means of the 
flanges the bottom, consisting of a 
circular plate, is bolted to the cy- 
linder. This plate has a hole in 
its centre, and the pipe is attached 
to the bottom. Packing, consist- 
ing of a ring of leather or some 
similar material, should be placed 
in the joints b^orc the bolts are 
tighten^, in order to ensure that 
the joints shall be water-tight. At 
the bottom is a valve which opens 
inwards; when water rushes up the 
pipe it forces open the valve, and 
enters the cylinder ; when the piston 
is depressed the valve closea, and 
will not allow the water to return. 

The piston is a circular disk of 
metal, containing a groove in the 
circumference, in which the pack- 
ing is inserted. The packing often 
oousists merely of greased tow, 
which is Buffioiontly el^tic to make 
the piston move water-tight in the 
cylinder. In the centre of the piston 
is a pair of valves, shown open in 
the figure. These valves allow of 
the passage of water from below 
upwards, but do not allow water to 
pass from above downwards. 

The top of the cylinder is closed 
by a plate which is bolted to the 
flanges. The piston passes through 
the top of the cylinder by means of 
what is called a stviffingAfox, It is 
easy to see that special arrange- 
ments must be made for preventing 
leakage where the piston-rod passes 
out from the cylinder. If ihe piston 
merely passed through a hole in the 
top of the cylinder, leakage could not 
be prevent^. Even if the piston-rod 
at first fitted the hole so perfectly that it passed water-tight 
through it, and at the same time could move freely, this could 
not last ; wear would soon mahe the piston-rod smaller and the 
hole larger, and leakage would result. To obviate this difficulty 
the very ingenious contrivance known as the stuffing-box is used. 
The piston passes quite freely through the hole in the cover, and 
then enters the stuffing-box, the object of which is to keep the 
packing in close contact wi^ the r^ The stuffing-box consists 
of a hollow cylinder, shown in section. The cylinder is about 
double the diameter of the piston-rod, and in the space between 
the cylinder and the piston-rod the packmg is placed. The 
pac^g may be made of tow and oU. The pacing is forced 
against the piston-rod by a piece which flto freely into the 
cylinder. This piece is forced downwards by tightening nuts. 
Thus, when the piston wears a little free, leakage can easily 
be pmented by forcing down the piece, which press the 
packing against the piston. The great power of the screw 
enables the packing to be pressed as closely into contact with 
the piston as can desired. A pipe furnished with a stop- 



cock, and shown in the figure, is attached to the upper part of 
the cylinder. 

We shall next explain the principle upon which the pump is 
enabled to raise water. The pipe descends into the well or other 
resmvoir from which water is to be lifted. The piston is plao^ 
at the bottom of the cylinder and raised. The air which is in 
the pipe raises the valve and flows into the cylinder. When, 
the piston reaches the top of the cylinder it is depressed, the 
v^ve at the bottom closes, and the valves in the piston open, 
as shown in the figure, and the air passes from below up to 
the part of the cylinder which is above the piston. When the 
piston reaches the bottom of the 
SM I cylinder the process re-oommenoes. 

T| I p. e Thus ibe air is gradnally withdrawn 

'*11 from the pipe, and water rushes in to 

supply its place. The distance from 
the top of the pump to the surface 
of the reservoir should not exceed 
about 28 feet. The water will then 
gradually fill the tube, and on the 
ascent eff the piston will pass into 
the cylinder. When next ibe piston 
descends this water will pass above 
the piston by the valve. At the 
next elevation of the piston the 
water above will be driven ont 
along the delivery-pipe. The water 
thus raised may be taken either 
directly from the pipe, as in the 
common pump, or, as in what is 
called the lifting-pump, this pipe 
may be oarried up to the elevation 
the water is desired to attain. A 
different form of pump upon the 
same principles is shown in Fig. 4. 

The force-pump,, shown in Fig. 6, 
differs in several features from the 
lifting-pump. In the former ma- 
chine ^e piston is solid, and the 
valve regulating the escape of the 
vrater from the cylinder is placed 
in the side of the cylinder. The 
piston is shown in the figure in the 
act of desoending. The cylinder 
has been filled with water raised 
through the valve. On the descent 
of the piston the valve closes, while 
another valve opens, and the water 
is forced outwards along the pipe. 
In a pump of this kind the stoffi:^- 
box is unnecessary, as the water 
does not pass above the piston. In 
raising water from a great depth, 
such as the bottom of a ooal-mino, 
th^ foroe-pnmp must be within 
28 feet of the water, while the dis- 
charging tube is oarried up the. shaft 
to the surface above the mine. As 
the engine which works the pnmp 
is at the surface, very long pump-r^ are sometimes required. 
A different form of force-pump is shown in Fig. 6. 
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COAL. 

OOB:X — ^ADVANTAOXS 07 OOK1XO~>1>IF7XREMT QUALITIIS 07 
COKE — VARIOUS PROCESSES FOR COKINCH-WABTS OASES — 
PA'iBNT FUEL. 

For many purposes it has been found desirable to convert coal 
into coke prior to using it. When an intense and long-con- 
tinued heat is wanted, and where the absence of smoke is 
specially desired, coke may be used to advantage. It is there- 
fore largely employed in factories in towns, and even in private 
buildings where there are close stoves ; but still more on the 
railways, and in the smelting of iron. The reasons which en- 
courage its use in the latter process will be more particularly 
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pomted out when we ooxne to treat of ihat operation ; on the 
railways it. is adopted partly to avoid creating imoke, but also 
beoanee in a locomotive engine economy of farhaoe»room is an 
important oonaideration. 

At first sight it would appear that in making ooke the coal 
U being burnt, but though it is raised to an intense heat, that 
is not, strictly speaking, the case, for the result in such event 
would be that oxdy the ash would be left. We have already seen 
in our third paper that a good coal will leave about 8 per cent, 
of ash, whereas the ^eld of ooke is from 78 to 80 per cent, of the 
ooal employed. It is the volatile and oily pcgtions only which 
are consumed, leaving the carbon in a very pure condition. . In 
fact, what is olassed as best ooke contains (after being thoroughly 
dried) about 97 per cent, of carbon, 8 per cent, of ash, and a 
trace of sulphur. The per-oentage of carbon is the criterion of 
the heating power, but in practice the result which these figures 
would indicate cannot be attained, as ooke will absorb a great 
deal of moisture, and seldom contains less than 5 per cent, of 
water, for which allowance must therefore be made. The facility 
wi^ which ooke imbibes moisture affords dishonest traders a 
ready means of increasing their profits, and care should be taken 
by purchasers not to have to pay for more than a fair per* 
oentage of water. 

Coke, though very different in appearance, is very similar in 
chemical composition to anthracite ; and like the latter it does 
not bum satisfactorily without the aid of a powerful draught 
of air. It is hardly necessary to describe its external appear- 
ance, though some importance is attached to the bright metallio 
lustre : and to be well made and of good quality it should be 
uniform in character throughout. 

The old method of making ooke was to roast it in heaps in 
the open air; and the plan is still kept up in some places, 
though it is wasteful and does not produce so good an article. 
It has the advantage of requiring no outlay for plant. These 
heaps are sometimes circular in i^pe, while at others they are 
made in the form of long ridges, sometimes 200 feet in len^h. 

In making the circular heaps the larger lumps of ooal are 
placed upon the ground, and the smaller pieces form the upper 
and outw portion, until a depth of about two and a haff to 
three feet, and a diameter of twelve to sixteen feet, are attained ; 
a chimney made of loose bricks forms the centre, draught-holes 
being left between each brick. A few air-channels are left 
between the large lumps of ooal which form the base of the 
mound, extending from the centre to the circumference, the 
rest of the heap being covered closely with coke-dust or other 
waste stuff to exclude the air. Some burning ooal or wood is 
then put down the chimney, which soon communicates its fire 
to the mass around it. At first a dense cloud of smoke, caused 
by the bituminous portion of the coal, issues from the chimney; 
but by the time the fire has pervaded the whole mass, that dis- 
appears, and its place is occupied by a blue lambent flame, 
indicative of the evolution of the gases ; as soon as the latter 
fades away the top of the chimney and all the sources of air are 
closed up, and the ooke, being made, is left for two or three days 
to cool do?ni, when it is ready to be drawn. For this purpose 
care has to be taken that the air is thoroughly excluded, or it 
will continue to bum ; and it is usual to put a thicker coating 
of dust on the windward side. Formerly no chimney was used 
in these heaps, but a number of holes were left in the mineral^ 
and fire appli^ to each, no protecting covering of dust being 
put on until the fire had spread to all ports of the pile : this 
was, however, very wasteful, as the surface coals were partially 
consumed, instead of being coked, before the lower portion was 
Bttflioiently heated. 

The round heaps are not generally found so advantageous as 
the ridges, because the mass in the former is so great that the 
outer poridons are often insufficiently coked, in which case the 
ooke will be found to retain a portion of its hydrogen and oxygen. 

The ridges or rows are long and narrow, sometimes extending 
200 feet in length, and have an air-passage running through their 
whole length, the row being comment with large lumps of 
ooal inclined towards one another, so as to leave a triangular 
q»aoe between them. The smaller pieces axe heaped up till it 
is about four feet high, and the whole is closely covert with 
coal-dust. About the distance of every seven or eight feet 
there is an upright stake extending from the air-passage ; this 
is drawn out, and fixe put down the aperture, which rapidly com- 
munioatea its heat to the surrounding ooal, so that the whole 


I ridge is soon aglow, each one of these natural chimneys being in 
communication with the longitudinal alr-ohannel. As soon as 
the ooking is complete the supply of air is stopped, and the 
mass left to cool as before. 

In some plaws largo open kilns are used, in which 150 tons 
of ooal can easily be operated upon at onoe. They are generally 
about fourteen feet wide, ninely long, and seven and a ht^ high. 
In the walls of the kilns are openings to admit the air, and the 
large coal is so arranged that the air-passages communi- 
cate with these openings. The outside of these being fitted with 
dampers, the draught can bo regulated very conveniently* Tho 
surface oi the ooal inside the kiln is covered with coal-dust as in 
the open heaps. The mass of coal in these k ilna is, howevw, so 
large, that there is a risk of burning away the ooals in the 
neighbourhood of tho air-passages before the rest of it becomes 
properly carbonised. It ih therefore doubtful whether in the 
end anything is gained by their adoption. 

This leads us to the consideration of the most approved 
method of ooking — ^viz., in ovens. This plan is now very largely 
practised. The simplest form of coke-oven is a circular bidd- 
ing of fire-brick, with a doorway in the front, covered in with a 
rather flat vault^ roof, in the top of which is an opening. Hie 
oven is filled with ooal up to about the springing of the roof ; 
the doorway is then filled in with loose bricks so as to allow the 
entry of a Uttle air ; and as the ooking proceeds the door is 
more effectually olo^ by plastering it up with clay and sand, 
beginning at the lowest row of bricks and working upwards, the 
topmost row being left untouched for some hours longer. When 
all flame has disappeared, the hole in the roof is also closed 
with a stone slab, and every crevice stopped up with loam. 
After remaining shut out from the air for about twelve hours, 
the charge is ready to be drawn. The door is then broken open, 
and the ooke is dmwn out by means of rakes into iron barrows 
or trucks and carted away. Some water is often sprinkled upon 
it immediately on its being drawn from the oven, to cool it more 
rapidly. Kothing is said here about setting fire to the ooal ; in 
fact, that is not needed to be done, for the ooking operations go 
on continuously day and night, and the ovens are never allowed 
to get cool, so that the heat radiated from the walls and roof is 
sufficient without further assistance to set the charge on fire. 

Various improvomonts upon this rudimentary form of coke- 
oven have been made, and some that have been proposed really 
convert them into elaborate Btruotures. Some of ^e principal 
modifications, and the reason for them, must however be noticed. 

As a matter of economy, it is of importance not to allow any 
more of the heat to escape than can possibly be avoided. The 
walls are therefore made very thick, and the roof covered over 
with sand or some other bad conductor of heat. A coke-oven 
never stands alone, but a number are built together, so that one 
shall keep the other warm : they are generally arranged in a 
double row, back to back. Many of the best ovens have a 
doable roof, and the waste* gases from the ooal pass through the 
space between the two roofs on their way to the chimney. One 
tall chimney serves to carry off the gases from a large number 
of ovens ; and by a little careful management very little smoke 
need be produced during the operation, as it is only in the earlier 
stage of the ooking process that smoko is produced at all. The 
waste gases are often made to contribute still more to the 
maintenance of the heat in the ovens, by the flues being carried 
through the walls and under the floor of the ovens, so that 
the gases have to make a considerable circuit before passing 
away. This arrangement possesses the special advantage of 
expediting the action in ihe lower portion of the charge, which 
in the simple ovens is the last part to get coked, as tho heating 
there commences at the top and gradually works downwards. 

In many of the improved ovens the supply of air is not 
limited to what enters by the upper portion of the door, but is 
admitted by small air-passages passing through the walls in 
various parts, but always above the surface of the charge ; the 
supply from these can be regulated with much nicety, wd the 
air is thus distributed equally over all parts of the charge, instead 
of being all directed upon one point. 

The raking out of the coke when made is not only a hot and 
laborious process, but the time occupied by it allows of the in- 
gress of a great deal of fresh air, which tends materially to cool 
&e oven itself. Both these objections are obviated by the use 
of what is called the dro^. It consists of an iron bar which lies 
along the floor of the oven from the door to the back, with a 
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loni^ |ii 606 of flttt iron fixed at right anglea* This is put in iti hjdro-oarbons are erolredy on the other handy at a temperatiira 
plaoe at the back of the oveoy before the ooal ii introdnoed, aomewhat below a dnll red heat: aoxae of the prodnota of theae 
remaina there thronghout the prooeaa : when thi» !■ complete a are deaoribed in ** Chemiatry applied to the Artay*’ ^pera II. 
chain ia attached to the fcnre end of the iron baxy and with Ibe and DC. All these aubatanoea, bol^ gaseous and Uqiiidy are 
help of a windlass the whole ohaige is drawn out in one mass, aaorifioed to the carbon in the ooking prooessy while in the 
Where the drag is nsed the lower part of the oven mnst be other the quantity of catrbon desired is only so much as will 
reotangnlar, and the width of the door increased. enter into ohemi<^ combination with the hydr(^;en. 

Figs. 12y 18y 14, riiowing the plan, elevation, and section of coke- Patent Fuel.— Small coal and ooke-dnat bare lately been eoo- 

orenSy will serve to iUnstrate the f<»egoing descriptions. Th^ nomised by converting them into patent fneL SeTeral patents 
represent a portion of a doable row of eighteen oyens, commimi- I haye been taken out for this purpose, and there are some yery 
eating with a chimney stalk 116 feet high. These ovens have iron i large eetablishments in England and Wales for the working ol 
doors, which are hung with oounter-weightSy and raised or lowered them. The general principle involved in them ia to work up 
by a crane. Within is a second door made of fire-bricks. The the alack and dust with just suifioient coal-pitch or tar to make 
exterior of the ovens is bound with iron. The fioor rests upon it cohere, and then compress it into solid blocks. For this 
a bed of concrete, and the supply of air can be regulated by the purpose ^e materials have to be aomewhat warmed, so that the 
damper plates in the channel connecting the oven with the flue, pitch becomes softened, and the mixture reduced to a pasty 
Every alternate oven is charged in snooession, so that while the mass. In order to make a hard fuel which shall stand a hot 
one is having the coke drawn and being re-charged, those on climate without fear of spontaneous ignition, the heat is raised 
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either side are at their full heat. Each oven treats three and a to 400^ or even 600^ Fahrenheit, by which means the more 
half tons of ooal at a time. , volatile ingredients are all driven off. Such fuels are much used 

^ The amount of heat which is generally wasted is very con- on board steam-vessels ; and for navigation purposes the small 
siderable, but it may be easily turned to profitable account, coal used in their manufacture is generally that derived from 
Thus at the large iron-works of Seraing, in Belgium, the boilmm the best steam cools : being made into blocks considerably 
for the steam-engines are erected over the coke-ovens, so that larger than ordinary bricks, and all of uniform size, they are very 
twenty-four ovens supply all the heat required to work two easily handled, are very economical in stowage, and cause less 
engines, by which a saving of nine to ten tons of coal per day is dust, which are all considerations of some importance on ship- 
effected. board. The analysis of a good patent fuel wilh give about 

The ooking process does not drive off all the sulphur con- 86 to 90 per cent, of carbon, and the specific gravily will vary 
tainedinooal,and to reduce the quantity of this obnoxious ingre- from I'13 to 1*18. The loss in actual density of the fuel as 
dient the ooal is sometimes washed first, and some add a little compared with large coal ia balanced by the clbsenese with 
common salt, in order to convert the sulphur into sulphate of soda, whic^ ^e blocks can be stowed on shipboard. 

It is well known that coke is not the only product of ooal A fuel may even be prepared from some kinds of small coal 
which is yielded by the agency of heat ; but the others are not without the use of pitch or any other ingredient of kind, 
regarded by the coke-burner, because a different temperature By selec^g that derived from a go^ oakmg coal, and heating 
from that which suits him be^ is needed for their prc^uction. it up just to the caking point, it will cohere sufficiently to form 
The common illuminating gas is the most familiar of thMe a firm block after it has passed under heavy pressure, 
articles, wMoh is prefaced by distillation at a high temperature ; The unavoidable production of coal-dust is so great, that the 
and though a quantity of coke is loft in the retorts of the gas- accumulation of it in large workings Inids to much inoon- 
works, it is of a different character from that dascribed here, venienoe. In the face, too, of the rapid consomption of large 
and is of very little value as an artide of fuel. coal, these appliances for taming to account the heaps of coal- 

''aa-miUng is treated in a separate series of articles, under dust which were formerly considered as dead loss, cannot but 
the heading U ** Sanitargr Engineering.’* Tbe tar and other oily | be regarded as of the highest importanoe. 
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CABPETS. 

It xfl not my intention in this ohapter to oonaider in detail the 
Tadoiu kin^ of carpet which are common in our market, nor 
even to reyiew the historj of their manufacture, interesting as 
it would be to do so ; for we must ooxifine ourselves more par- 
ticnlarly to an examination of the art-qualities which they pre- 
sent, and to the particular form of pattern which may be applied 
to them with adyantage. 

Although we cannot here enter into a consideration of the 
manufacture of carpets, I cannot too strongly recommend all 
who intend preparing designs for them to consider minutely the 
powers of the carpet loom; for the nature of the effect produced 
will depend to a large extent upon the knowledge which the 
designer possesses of the oapabilitieB of the manufacture for 
'whi^ he designs patterns. In the case of any manufacture it 
is highly desirable, if not absolutely essential, that the designer 
of the patterns to be wrought should be acquainted with the 
process by which his design 
is to be converted into the 
particular material for which 
the pattern has been pre- 
pared; for this knowle^e, 
even when not absolutely es- 
sential, gives an amount of 
freedom and power which 
nothing else can supply. 

The carpets most exten- 
sively in use are ** Brussels ; ** 
but there are many other 
kinds both of better and in- 
ferior qualities. ** Kidder- 
minster carpet” (a carpet not 
now made by even one Kid- 
derminster manufacturer) is 
a common fabric suited to 
the bedrooms of middle-class 
houses ; but the art-capabili- 
ties of this material are very 
small, as it can only have 
two colours in any line run- 
ning through its length. 

This carpet consists of two 
thicknesses, which are im- 
perfectly united, and is not 
durable. “Brussels carpet- 
ing,” now made chiefly in 
Gimt Britain, is a good 
carpet for general purposes. 

Its surface consists of loops, 
and it may have five, or, if ^ 

made of extra quality, six colours in any line running through- 
out its length. If wi^ five colours in the same line the carpet 
wiU, in a sense, oonsiat of five thicknesses of worsted; yet these 
are united into one fabric. In some cases a “ Brussels carpet ” 
is woven of very olose texture where the loops are all cut 
through; thus we have formed a “velvet pile ” or “Wilton 
carpet ” — a fabric which is very rich-looldng, and durable. 

Those called real “ Axminster ” carpets are, perhaps, the best 
made. They are formed by the knotting together of ‘^ireads 
by hand, consequently any number of colours may be used in 
their formation; but such are necessarily most costly. A 
“patent Axminster” carpet is made by a double process of 
hand weaving, by which fine results are achieved, and any 
number of colours used. In the first weaving a rough “ cloth ” 
Is formed, whioh is out into strips called “ c h e n i ll e 'Uireads,” 
and these are woven into tiie carpet. This process is most 
and the carpets produced by it are very good ; but 
aij are costly. 

Hessra. Orossley and Sons, of Halifax, some few years since 
p at e nte d a moat ingemous process of manufacturing wbat are 
toown as “tapestry” oar;^ — a process resembling in its 
nature that of the patent Axminster manufacture, but differing 
fn this partlonlar, that the ** warp ” threads, answering to the 
chenille threads of the patent Axminster, are coloured by priu^ 
inf, and tinis the first process of weaving is dispensed with. 


niese carpets are, like Brussels, made with a looped 
and also with a pile. They cannot be said to compare in miy 
way with the patent Axminster carpets, whioh are of a pre- 
tentious and ooB% character, nor even with a good “BrusselB;” 
but they are low in price, and meet a want, as is proved by their 
enormous sale. 

Besides these varieties of carpet there are a number of kinds 
of foreign production, most of whioh are hand-made, and are 
very bmutiful. By far the greater number of these have a 
“pUe,” although this is sometimes rough and uneven, yet 
rarely, if ever, inari^tio ; but a few are wi^out pile; still these 
are not without t^t indescribable something which renders 
them estimable in the eye of an artist. 

B[aving hastily notio^ the chief kinds of carpet in use in this 
country, and we might say in almost all coun^es, we come to 
the question — what form of pattern, or what character of orna- 
ment, should form the “ enrichment ” of such a fabric P 

When speaking in a previous article (see page 119) of wall 
decorations, we notioed that a wall-paper pattern, or, indeed, a 
wall pattern of any kind, might desirably have an upward 

direction and a bilateral sym- 
metry. This can never be 
the case, however, with a 
carpet pattern, which must 
be equedly extended all over 
the surface, or have a simple 
radiating symmetry, as Fig. 
54 ; and this rale will apply 
whether the pattern be sim- 
ple or complicated. It is 
not wrong, as we have said 
before, to have a radiating 
pattern on a wall, but it is 
wrong to have such a pat- 
tern on a floor. 

The reason of this is ob- 
vious. If such an object as 
we have indicated is placed 
on a wall, from whatever 
point the occupants of the 
room jAay view it, it is yet 
right way upwards to them ; 
but if such an object were 
placed on a floor it would be 
wrong way upwards, or side- 
ways, or oblique to most of 
those who viewed it ; and to 
employ a pattern of this cha- 
racter in such a position is 
highly absurd, when a pat- 
tern can as readily be formed 
of such a character as will 
avoid tltia unpleasantness. 
What would we think were we asked to view a picture, or even 
to visit an apartment containing snob, were this work of art pre- 
sented to our view in an inverted manner P We should feel 
astonished at the absurdity; yet this would be no worse tlmn 
expecting us to view a carpet while the pattern is to us in an 
inverted position. 

And the principle which we have just set forth is one taught 
by a consideration of plants. If we wander over the moor, 
where we tread, on Nature’s carpet, we find that all the litUe 
plants whioh nestle in the short mossy grass are “radiatmg 
ornaments “—that is, they are pretty objects which consist of 
parts spreading regularly from a centre. 

I cannot too strongly advise the young omomentist to study 
the principles on whioh Nature works. Knowledge of the laws 
on which plonts grow is very desirable ; yet it is not our place 
to imitate even the most beautiful of plant-forms— this being 
the work of the pictorial artists. Yet it is onrs to study 
Nature’s laws, and to observe all her beauty, even to her most 
subtle effects, and then we may safely pillage from her aU that 
we can eonsistently adapt to our own purposes. But in order 
that we produce ornament, we must infuse mind or soul into 
whatever we borrow from her. . . . . 

With the view of more fully impressing the manner m whi^ 
Nature teaches us prineiides which we may apply in art, and of 
^ student in his inquiries, we will give one or two 


A 


Fig. 64. 
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illtistratiotui. Thus Fig. 55 is a drawing of a ipray of tho 
gnelder rote {Viburnum opulus) when seen from the flide, or, 
ae I might expiess it, when viewed as a wall decoration ; and 
Fig* 56 is the same spray as seen from above, or, to use the 
■anift manner of expression, when seen as a floor pattern. 
Further, Fig. 57 represents a young plant of a speoies of speed- 
weU (Ferontca) as a wall ornament, and Fig. 58 the same plant 
when seen as a floor ornament ; and Figs. 59, 60 represent a 
portion of the goosegrass {Qalnm ApaHne) as seen in the same 
two views. 

From these illustrations we see that plants furnish ns with 
types of two essentially different ornaments which are adapted 


bilateral flowers intended only as wall ornaments. Ifl order to 
secure our seeing the pansy only laterally, it is furnished with a 
bent stalk ; hence it never rests horizontidly upon the summit 
of its stem, but always hangs so that it is perfectly seen only 
from the side. 

There are oases, however, in which bilateral flowers are 
placed horisontally ; but it is very interesting to notice that 
when this occurs tiie disposition or arrangement of the flowers 
is such as to restore the radiating syimnetry* Thus, if we 
take the candytuft (Iberia) or the common hemlock (Conium), 
we And that while each ^wer is bilateral in character, the 
flowers are yet arranged around a centre in such a manner that 



to the decoration of the two positions of wall and floor, and may 
be introduced with truthful expression and effect into wall- 
paper or carpet. 

Even wlmn the leaves appear somewhat dispersed upon the 
stem, a principle of order can yet be distinctly traced in the 
manner of their arrangement, as is diagramatically expressed 
in 59; and here, also, the top view gives us a regular 
radiating ornament. 

The same law prevails in the flower that we have traced 
as existing in the arrangement of leaves upon the stem : thus 
Fig. 61, which represents the London pride (8aailr<iga urn- 
5ro«a), affords an example of a regular radiating flower, which 
we And so placed, in different examples, as to appear as a floor 
or wall ornament; and Figs. 62, 63, the former being the 
flower of the speedwell (Feroniea), and the latter that of the 
common pansy (Viola tricolor)^ furniitii us with illustrations of 


the smaller portion of each flower points to the centre of the 
flower-head, while the larger parts point outwards from the 
centre of the group. These, then, are the teachings of plants, 
to which we are csdled upon to hearken. 

The above illustrations axe not only useful examples of ‘the 
adaptation of plant-forms to ornamentation, but form excellent 
guides to the art-student for the conventional treatment of 
leaves and spra^, buds and blossoms. They will also serve to 
indicate the kind of plant-forms that should be chosen for 
decorative purposes. Students of this branch of art would find 
it a useful practice to make a coUeotion of any flowers and 
plants or pi^ of plants that appear to offer features similar 
to those of which we have been writing, and test their capabili- 
ties for decorative purposes, by endeavouring to arrange them 
for ornamentation of wall and floor, as we have treated the 
plant-forms named in this paper. 
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BOXXLLI'8 PBlirrXNa TBLXOBAPK — ALP1U.BBTIOAL IK8TBU- 
MBVrTB— BBiaT7XT’8-~WHBAT8TONB*8 VKIYBBSAI*. 

Ik cmr last tos^n we deeoribed lereral forme of ohemiool tele- 
graph; there it, however) one more to whioh we muet refer 
before we leave thie olaae of inetromente. Thie is known as 
Bonelli'e Printing Telegraph) and by means of it the message 
is printed in ordUnary Roman oharaoterS) and that too at an 
almost inoredible spe^. It is said by those who have used the 
instrument that) when the message is printed in fugitive ink, a 


teeth of a oomb) and are oonneoted with the five line-wires. At 
the reoeivxng station are five somewhat similar pointers, oon- 
neoted with the corresponding wires, and the ohemioally pro* 
pared slip is made to pass along under these, so that, if 
constant currents were passing, five parallel linea almost 
touching one another would be tmoed on the slip. The 
current) however, only passes when the raised part of a letter 
comes against a contact-spring or pointer, and thus the marks 
traced correspond to the raised parts of the l^rpe, and we have an 
almost exact copy of the type printed at the receiving station. 

An enlarged copy of % message as received by this instrument 
is given in Fig. 48, and will explain the whole action. 


PRINTED BY BONELLI’S TELEGRAPH 



spMd of more than a thousand words a minute may be attained, 
and in permanent characters from 200 to 300 words may be 
sent in the same time. There is, however, one very great draw- 
back to the use of this instrument, and that is the fact that it 
r^uires five wires, and thus it can only be made to pay on 
* flrreat many messages are continually passing. 

The instrument consists virtually of five pointers placed side 
by side, each of whioh acts in the same way as the one pointer 
or pen in Bain's instrument. The message is first set up in 
metal type, block letters and capitals being employed. <&di- 
nary printing type will not answer, however, since it is left- 
handed, and, besides, is so soft that the metal would soon 
Brass letters arc therefore used, and when set i 
np they are placed on a meiBl tray connected with ttie earth- 
pJm, and made to pass under the pointers. j 

Of these there are five, whioh are placed aide by side like the ; 
39--V.E. 


This instrument is a very ingenious and reliable one, but, for 
the reason referred to, it has not come into general use. The 
whole class of chemical telegraphs are in fact chiefly valuable 
as showing what may be accomplished by means of electricity j 
none of them, we believe, being practically employed in this 
country at the present time. 

We must now pass on from these instruments to our last 
olass — namely, the alphabetical or dial instrumenis. In moat 
of the telegraphs already described the message is sent in some 
cipher or code, and the instrument can only be used by the 
initiated, some considerable amount of practice being required 
to attain even moderate facility in its use. For many reasons, 
however, it is a great advantage to have an instrument so 
simple that any one with a little care and understanding can 
work it. This is especially the case where, as is frequently 
done in the present day, a wire is fitted between two or more 
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different of&oee ol any house of bnainess, or between an office 
and a factory. 

Very many inatrumonts have accordingly been invented in 
which a pointer is made to travel ronnd a dial on which the 
letters of the alphabet are engraved, and to stop at any re- 
qnired one ; so that the message to be sent may be spelled out 
in this way letter by letter. These are sometimes distinguished 
as step-by-step motion telegraphs. We cannot even mention 
all the different instruments of this kind that have been in- 
troduced, but will describe one or two of those which best 
illustrate their construction, and from these the action of most 
others may, with a little thought, be understood. 

Br^guet’s Alphabetical Telegraph will convey a good general 
idea of this class of instruments. In it, as in several we have 
already described, the receiving and transmitting portions are 
entirely distinct. Fig. 49 fepreseuts the former of these, and 
Fig. 50 a back view of the same instrument, the case, and also 
the magnet, wHch occupies a position facing the dotted circles 
on At being removed for the sake of clearness. 

Bound ^e face are placed the 25 letters of the French alpha- 
bet and the sign -f, which is given at the end of each word, 
while in an outer circle the numerals from 1 to 25 are arranged. 

In an English instrument there are usually 30 divisions on 
the dial-plate, for the 26 letters, the comma, semicolon, full 
stop, and Inside the cose is some clockwork, which is 
wound up by the axle seen on the face between 25 and 1. This 
clockwork causes the hand to travel round the face at a con- 
siderablo speed, but its motion is stopped or regulated by the 
escapement seen at Q, an enlarged view of which is given in 
Fiff. 51. 

It consists of two ordinary scape-wheels mounted on the 
same axle in such a way that the teeth of one are alternate 
with those of the other. A small pallet, i, is fixed under this, 
and is so arranged that as it vibrates backwards and forwards, 
it alternately catches the teeth of each wheel; in this way, 
each movement of the pallet allows the wheel to revolve one 
twenty-sixth part of a revolution, and as the hand on the dial- 
plato is fixed to the axis of this wheel, it allows the hand 
to move forward one letter. 

We have now to see the way in which this movement of the 
pallet is controlled by moans of the electric current which 
arrives along the line-wire, and passes round the coils of the 
magnet. The keeper or armature, A (Fig, 50), is suspended so 
as to swing freely on pivots fixed in the supports v v', and 
carries with it a small arm, 2, having a pin, c, inserted at one 
side of it. A spiral spring, /, passes from the top of 2 to a wire 
fixed to the stand, and thus keeps the armature away from 
the magnet when no current is passing. 

The armature therefore swings to and fro as the circuit is 
made and broken at the sending station, and this alternate 
motion is oominunicated through 2 and c to the fork d (Fig. 51), 
and thus to the pallet i, which at ea<5h movement allows the 
hand to move forward one letter. If then it bo set to and 
a current be transmitted along the line-wire, the hand will 
move forward to A, and there remain os long as the current 
posses. As soon as it ceases, the spiral spring will draw away 
the armature from the magnet, and the hand will move to b. 
Thirteen currents are thus required to allow the hand to com- 
plete its revolution round the dial, and the transmitting ax>pa- 
ratus has to be so arranged that wo may easily cause the re- 
quired number of currents to be sent so as to stop the hand at 
any given letter. 

Sometimes, however, the hand will get wrong, owing to the 
receiving clerk interrupting tho message, or from some other 
cause. A small rod with a milled head, t, fixed to it, is there- 
fore provided. By pressing on this the pallet is entirely removed 
from the soape-wheel, which, being thus set free, rotates until 
the hand points to -fi where another stud stops it. 

The transmitting apparatus, which is far 8imi)Ior in its eon- 
structiou, is shown in Pig. 52. It consists of a large dial-plate 
with the letters arranged round it just as in the receiving 
instrument, and a small notch is out iq the rim opposite each 
letter. A bundle, M, is fixed to a pivot in the centre, and has an 
opening or slot out in it. This is moved round in one direction 
following the order of the letters, till the one we wish to send 
is seen through the slot. A small peg in its under side catches 
in the notch against the letter, and ensures it stopping at the 
right point. If by any chance the handle is moved beyond the 


letter, we must not move it back, but must cany it quite round 
till it again oomes to the required letter. 

A portion of the dial is removed in the figure, ahd shows 
a wheel underneath, which turns with the himdle. In this 
wheel a sinuous grroove is out, having thirteen elevations and as 
many depressions. A small roller &ed to a pin on one end of 
the bent lever t works in this groove, and thus for every revolu- 
tion made by the hand m, this lever is moved from side to side 
thirteen times. 

At the lower end of T is a spring faced on each side with 
platinum; as the lever vibrates this oomes alternately into 
oontaot with the screws p and q, the former of whioh is con- 
nected with the line-wire. The battery-wire is connected to m, 
and thenoe the current passes to the grooved wheel, and along 
tho lever t. 

We can now understand the aotion of the apparatus. Let us 
move the handle to the letter A, the lever t will at onoe be 
moved till its lower end oomes in oontaot with p. The current 
will then pass from the battery, through the wheel, along t, 
and by way of p to the line-wire. It will then oause the 
magnet at the receiving station to attract its armature, and 
thus let tho hand there move to A likewise. If now we move 
the handle to B, the lever will be inclined to the other side, and 
the current will thus be interrupted. The magnet at the other 
end thei^ooases to act, and tho armature being released, lets the 
hand move forward another letter to B. In this way, we have 
only to move the handle to any letter we like, and the same 
letter will be indicated at the other end. The message is thus 
spelled out letter by letter, a short pause being made between 
each. 

The handles seen at the upper sides of the receiving instru- 
ment serve to make the current pass to the alarum, or the 
received, at pleasure. 

At the end of each message the handle is turned twice round 
to show that it is complete, and tho receiver, if he has under- 
stood, acknowledges by a similar sign. 

This instrument is an electro-magnetic one, and requires a 
battery; there arc, however, several somewhat similar ones, 
whioh are purely magnetic, and in which, therefore, all the 
trouble of a battery is avoided. Tho one of these most gene- 
rally used was invented by Wheatstone, and is now employed 
on many of the private Knee in London. 

In this the receiver is usually made to stand on the upper 
part of the transmitting apparatus, as seen in Fig. 53. The 
latter consists of an oblong rectangular box, on the top of 
whioh near the front is a raised dial-plate with the letters of the 
alphabet and the signs , ; . and -f engraved round it. In tho 
centre is a hand which is moved by a handle in front, and 
points successively to those various signs. 

Outside each letter is a small stud or button whioh can bo 
pressed down by the finger ; these are so arranged that when 
one has been depressed, it remains so until another is pressed 
down, but tile act of doing this raises the former, so that only 
one stud can be down at the same time. In tht front is seen a 
small handle which is continuously rotated I one hand, the 
other being employed in pressing down the required studs. 
When that opposite any letter is touched, the pointer is free to 
move round to that letter, and .there it remains until another 
stud is pressed down, so that in sending the message we have 
merely to press down in succession the studs corresponding to the 
letters, and thus spell it out. 

Inside the instrument is a second hand fixed to the same axis 
as the pointer and turning with it. This is so placed that 
when any stud is depressed it catches against it and stops its 
farther progress. The movement of this pointer is thus en- 
tirely mechanical, but an arrangement is also made by whioh at 
the same time a short circuit is made, so that no more ourrenta 
pass along the line till the hand is again free. 

One great advantage of this instrument is that the armature 
is kept constantly rotating by the handle. In this way ita 
movement is much more regular, and the danger of the needle 
“skipping” is gimtly reduced. The internal mechanism is 
simple ; several thin horse-shoe magnets are screwed together to 
form a compound one of considerable power, and two bobbins 
wound with fine wire are plaoed side by aide on each pole. Tlio 
cores of these four are arranged in a cirole, and the keeper 
rotates in front of them. The alternate bobbins are> wound in 
reverse directions. 
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When the arnubtnre, whioh tnms on » pivot in the oentre of 
the four bobbins, is in front of the first and third, a momentary 
current is produoed, which travels along the line-wire ; as the 
armature passes to the alternate pair, a current in the reverse 
direction is generated, and thus by the continuous motion of the 
armature alternate currents are sent. 

The armature and pointer are both set in motion by the 
handle seen in front of the instrument, and are so adjusted that 
for each current sent the pointer advances one letter. As soon 
as ^e pointer is arrested by any stud, the currents are, as we 
have seen, intercepted. ^ 

We must now turn our attention to the receiving apparatus, 
in whioh there is a small dial and hand similar to the luge one. 
The currents pass round two slender bobbins, placed side by 
side, the ends of whioh are represented by the dotted circles in 
Fig. 54. Between these there is a pair of magnetised needles 
reversed and mounted as seen in Hg. 55, and the alternate 
currents cause this compound to oscillate, the opposite poles 
being alternately attracted and repelled. To the upper end of 
their axis is fixed the arm a (Fig. 54), whioh carries the ratchet- 
wheel, 6. As this arm oscillates, the slender screws, c c, 
alternately catch in the teeth of b, and thus at each movement 
advance it half a tooth, or one letter on the dial, for the 
pointer is fixed to the axis of this wheel. The hair-springs, d d, 
prevent the wheel moving unevenly. 

A small handle is always provided under the upper dial by 
means of whioh the needle may, when required, be brought to 4-. 
If at any time the receiving clerk fails to understand a word, he 
at once interrupts by worh^g his own instrument. This throws 
both needles out ; both operators then cease working, taking 
care to leave the large pointers at -f ; they then bring their 
receiving pointers to the same sign, and are ready to resume. 
If the needles do not all agree at staridng, it is clearly impossible 
to make the message understood. 

An alarum is always used with this instrument, and by 
moving to the left the lever seen behind the receiver, this is 
brought into circuit, and the receiving instrument shut out. 

The telephone is, however, rapidly superseding these dial 
instruments for private correspondence by telegraph. It an- • 
swers the same purpose, and is far more convenient. 


TECHNICAL DRAWING.— XXXVII. 

BEAWING FOE STONEMASONS. 

A CONCISE HISTORY OF MASONRY. 

Although the purpose of these lessons is to teach drawing of 
precisely the kind necessary for stonemasons, still it is hoped 
that a brief sketch of the history of masonry will not bo unac- 
ceptable. 

The art of building in stone is one of the greatest antiquity, 
dating possibly from the first human family. We find that 
when Cain was driven by his sin to become a wanderer from his 
native place, and when a son hod been vouchsafed to him, he 
“ builded a city,” and called it, after the name of his son, Enoch 
(Hebrew, dedication). We have, of course, no data to give ns 
the slightest idea of the extent of the buildings which consti- 
tuted this primitive city, but, froni the word used in the original, 
it is most probable that permanent structures of the form of 
oaves wore erected. 

There can bo no doubt that from the moment when our first 
parents were driven from Eden to till the ground and to labour, 
they must have felt the necessity for some place where their 
children might be nurtured and protected from the rays of 
the sun. 

The umbrageous trees and the skins of animals might at first 
have proved sufficient ; but a better shelter would at once have 
been suggested by holes in rooks or natural oaves. These, 
however, could not be found everywhere. What is more natural 
than that wooden huts should be erected, and that these, being 
perishable, shoold, when oironmstanoes allowed, be superseded 
by stone buildings? And thus the trunks of trees, and b^ms 
laid across them, probably gave the original ideas for the 
oolumns and architraves of the subsequent erections in a more 
permanent material. 

Amongst the earliest nations of the world heaps of stones were 
regarded tm a memorial of some event, or as emblems of the 


permanency of the agreement entered into. Thus we find Jacob 
took a stone and set it up for a pillar, and said to the people, 
** Gather stones,** and they took stones and made a heap, and 
both parties called it by a name which, in the language of each, 
signifies **the heap of witness.** Several such instsmoes occur 
in sacred history. 

Amongst rude and barbarous people there seems in all ages to 
have existed this desire to erect huge masses of stones, either to 
commemorate some triumph, or for the oxerolse of their religious 
rites; and the early history of almost every nation oontaina 
records of some snob struotores. 

Of the early history of stone-work, Mr. Ashpifcel says : “ The 
necessity for defence against predatory tribes seems to have given 
the next impulse to bffilding in stone ; and to this we probably 
owe those extraordinary walls Called Cyclopean or Pelasgio. 
These oonsist of huge polygonal blocks of stone carefully out, 
BO as to fit exactly to each other without mortar, forming walls 
which most have been impregnable at that time.’* 

An idea of their size may bo gathered from the fact that in 
the Etruscan walls at Biisellm, Mr. Dennis measured a stone 12 
feet 8 inches long by 2 feet 10 inches high. Most of the stones 
forming these walls would weigh from six to eight tons. It 
seems very difficult, oonsidoring the deficiency of machinery at 
the period, to imagine how they were hoisted. Pausanias,* de- 
scribing those of Argolis, says : “ The walls, the only remains 
of the city left, are the work of the Cyclops, and are made of 
rough blocks of such a size that a yoke of mules would be unable 
to move the smallest.** 

The masonry practised in Assyria possesses this peculiarity — 
that, excepting at the angles, it formed only a facing to the 
immensely thick walls, whioh wore filled up in a manner to be 
subsequently described; and it is especially interesting to us 
from its groat antiquity. 

Sir A. H. Layard, to whom the world owes so much for his 
discoveries in Assyria, tells us that 600 years before the 
Christian era, Nineveh oeased to be a city, and Assyria an em- 
I piro. Cyaxaros, at the head of a vast army of Babylonians and 
Persians, captured Nineveh after a short siege, destroyed its 
walls and palaces, and left it what it has remained to this day — 
a heap of ruins. The Assyrians, after the destruction of their 
capital, became subjeots of the King of Babylon, and appear no 
more in history as an independent people. 

The main oanso of tho utter disappearance of Nineveh is to be 
found in the circumstance that tho buildings were not e^et^tod 
of stone, but merely faced with it ; and not always this, for their 
palaces, public buildings, and private dwellings wore erected of 
bricks made of clay, mixed with chopped straw — in most cases 
dried in the sun ; but, evidently, stone was not a general building 
material, for in erecting the Tower of Babel we find tho pooph 
saying, “ Come, let us make bricks, and burn them thoroughly” 
(thus implying that thorough burning was not usual): “an<l 
I they had brick for stone, and slime {bitumen) had tney foi 
i mortar.** 

j Marble, alabaster, and kiln-burnt bricks, sometimes painted 
and sometimes glazed, were used by the Assyrians in their prin- 
cipal buildings, but only in tho way of ornament. The whole of 
the upper portions of the buildings were of wood, and hence, 
when the buildings wore once deserted, tho upper portions de- 
cayed and fell in. The sun-burnt bricks, which formed as it 
were the core of the walls, became earth again. Their support 
I thus being withdrawn from the slabs, the ruins ^sumed tho 
' appearance of mere natural heaps or mounds rising in the plain, 
upon whioh grass grew and corn might be sown. And such have 
been tho mins of Nineveh for more than 2,000 years. 

The Assyrian palaces and public buildings were erected in 
terraces thirty or forty feet above the level of tho surrounding 
country. These platforms appear to have been supported by 
solid masonry of limestone. The line of elevation was broken 
by flights of steps or inclined ways, by whioh tho terrace waa 
reached. ** The object,*’ says Sir A. H. Layard, “of raising these 
platforms, whioh must have demanded scarcely less labour and 
expense than the saperstraoture they were destined to sustain, 
was twofold — to give to the royal or sacred edifices additional 


* Pausanias, a Greek geographer, who lived in the second century 
B.C. He wrote “ Accurate Gneoiaa Deioriptio," in whioh he gives a 
very minute account of the topography of Greece, and of its buildings 
and ruins as seen by himself. 
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dignity and grandetiT, and to bocuto, in a climate remarkable 
for its intense boat during the summer months, as much coolness 
OB possible. In some oases, too, especially in the lowlands of 
Babylonia, they may have served botii as a means of defence and 
to protect the buildings against the effects of the inundations to 
Yiduoh that country is subject.'* Several of the alabaster sculp- 
tured slabs, and of the human-headed bulls brought from Nineveh, 
may now be seen in the British Museum, and copies of them 
form parts of the admirable reproductions in the Nineveh Court 
of the Crystal Palace at Sydenham. 

The Egyptians seem not only to have used gigantic masonry, 
hut also to have had the power of working, carving, and polishing 
granite to a marvellous degree. A strange fact connected with 
their masonry seems to be, that the whole work was executed 
with copper, or rather bronze tools, which seem to have answered 
their purpose better than even our best or hardest steel. Such 
seems to have been the facility with which they worked this un- 
tractable material that they were not content to cut and polish 
huge slabs and masses of granite, but they covered them all 
over with the most delicate and sharp-out hieroglyphical in- 
scriptions. 

Mr. Owen Jones, to whom we are indebted for the admirable 
reproductions in the Egyptian Court at the Crystal Palace, says : 
“ Egyptian arohitooture, or rather Egyptian art — for painting, 
SQulpturo, and architecture are so intimately united tliat they 
arc inseparable — is the parent of every other. Undoubtedly the 
most ancient, its remains are still the most abundant. The 
Egyptians built for immortality, and obtained it. Whilst obe- 
dient to religious laws which limited the direction of their art, 
they combined the highest sublimity of conception with the most 
refined and delicate finish in execution.'" 

Whilst they originated, they excelled at the same time all 
that followed after ; they are inferior only to themselves. In 
every other nation, art exhibits its progress in the same phases, 
namely, a rapid ascent from its infancy to the culminating point 
of perfection, from which there is a slow, lingering decline; but 
in Egypt, the farther we go back the more perfect is the art. 
We are not even acquainted with its culminating point, much 
less with any trace of its infancy. In the most perfect temples 
which have been disooverod there are stones built in the walls, 
with hieroglyphics on the inner side, of a higher character of 
art than can be found on existing monuments. These were 
evidently stones from ruins of more ancient buildings. Two 
kinds of walling wore common in Egypt from the earliest to the 
latest period one formed of vast rectangular blocks of stone 
laid in parallel courses, the other of sun-driod brick. The latter 
was used for walls of towns and sacred precincts, and occasionally 
for pyramids, but never for any part of a temple. 

The stone walls were of prodigious thickness and the blocks 
of gigantic size ; but in the early Theban works we find little of 
that interlacing of the stones, or bond, which is so essential to 
stability. Tliis partly accounts for the ruined state of some of 
those tremendous miissoK — gigantic walls of the most massive 
construction, and absolutely rout asunder. The masonry of the 
pyramids, however, appears to bo excellent. Unlike the mi- 
gratory Peloagi, to whom roforeuiie has already been made, the 
Egyptians seem to have used mortar from the earliest ages. 
The blocks were also (sommouly united by wooden dovetailed 
cramps about a foot in length. 

The columns ordinarily employed were of snoh oolossal dimen- 
sions that they were necessarily built wp — each cylindrical layer 
being composed of several stones. They wore commonly oon- 
struotod with blocks rough-hewn ertomally; the shaft was 
afterwards finished, and the capital chiselled to the proposed 
design. A whole rough-hewn oolonnade is still to be seen in 
the isle of Philce. 

Walls appear to have been left rough till they received their 
sculpture, and Herodotus f intimates thit a similar method 
was followed at the Oreat Pyramid t having been oarried up 
to the full height, it was finished off from the summit to the 
base. 

Mr. Qeorge Godwin, in his admirable ** History in Buins,” 
says : — ** The most ancient structure remaining is the Great 
Pyramid — one of those mighty works wherein, as D^non says, 

* Watheu’s “ Arts and Antiquities of Esypt.” 

f Herodotus, a celebrated Greek bistoriau boru at Halioamassus iu 
464 B.C. and died 408 tt.c. 


men seem to measure themselves with Nature. Herodotus, who 
visited Egypt about 450 years before the Christian era (some say 
500), or more than 2,800 years ago, qpoke even then with un- 
certainty as to its date. It is, however, usually ascribed to 
Suphis (or Cheops), who reigned soon alter Menes, and may be 
called 4,000 years old — ^Bunsen says 5,000." 

Herodotus says : " The ascent of the pyramid was regularly 
graduated by what some call steps, and others altars. Having 
finished the first flight, they elevate the stones by the aid of 
machines oonstrueted of short pieces of wood ; from the second 
by a similar engine to the third ; and so on to the summit. The 
summit of the pyramid was first of *all finished ; descending 
thence they regularly completed the whole ’ ' — that is, they placed 
plates of stone slantingly from one step to the other, and so 
produced a uniformly slanting mass. 

The dimensions of the Great Pyramid have been differently 
stated, the mounds of rubbish rendering it difficult to obtain 
accurate measurements. Those taken by Colonel Vyse’s opera- 
tions in 1837, probably nearest the truth, ore as follow 
Original base, 764 feet ; actual base, 746 feet ; original inclined 
height, 611 feet; actual perpendicular height, 450 feet. 

The original perpendicular height, therefore, supposing the 
pyramid to have been oarried up to a point, was about 480 feet, 
or 48 more than St. Peter’s at Borne, and 110 more than St. 
Paul’s Cathedral, London. The area covered was almost 13 
acres, but the approximate size of the mighty mass will be better 
understood if it is described as a solid pile, the base of which 
would occupy the whole square of Lincoln’s Inn Fields, and the 
height of which would exceed that of St. Paul’s. The stones 
employed in the construction vary from five to thirty feet in 
length, and from three to four feet in height. 

According to Pliny, J 366,000 men were employed on its erec- 
tion for twenty years, and Herodotus tells us that an inscrip- 
tion on the exterior stated the expense of providing them with 
radishes, onions, and garlio amounted to 1,600 talents of silver 
(^345,600). Ten years were employed in,, making the road 
tlirough which the stones were to be drawn, the quantity of which 
Colonel Vyse estimates at 3,316,000 tons. 

Thus thousands of enormous stones, all accurately squared 
and adjusted, were here elevated to hundreds of feet above the 
ground, and each was hoisted up step by step, until it reached 
its bed. 

The Pyramids, however, although they attest the resolution 
of the founders, reflect but little honour on the Egyptian nation. 
One can scarcely contemplate these structures without the con- 
viction that they were the work of an enslaved and driven race. 
Such vast piles of mere stone and mortar could never have been 
reared in Greece or Borne. At the Parthenon or at St. Peter’s 
you view the result of the labours of a multitude of ingenious 
and thinking men, each contributing the skill derived from a 
life devoted to his art ; but in the erection of the pyramids little 
else was requiriMl of the artificers than physical exertion and 
obedience to the taskmasters — and, indeed, nothing was done 
for the labourers which could elevate or educate them. All we 
find in relation to the workmen is a record of the amount spent 
on onions for them ! 

How different this from the present age, when all civilised 
nations arc vying with each other in the promotion of the in- 
striiotion, the mental improvement, and social well-being of the 
working classos ! 

The first material used by the Greeks in their buildings was 
timber. They thep employed bricks, the art of making which 
they learnt fzum the Egyptians ; common stone followed next ; 
and when they had aooomplish^ the complete glories of their 
style, they adopted marble. The sort called Parian was the most 
admired, but liiis was principally used in sculpture. Pausanias 
also tells us that in the earlier times several temples were built 
of bronze. Stones of immense size, after the manner of the 
Egyptians, were also used by the ancient Greeks. In later periods 
smaUer stones were nsAd ; these were of various forms, having in 
some oases four, and in others five or six sides, and were joined 
with the utmost care and nicety. 

As arohitooture and other arts advanced, the Greeks used 
cubical and oblong stones, with which they constructed their 

X CaiuB Pliuius Seoundoa, a great Boman writer who lived in the 
first century nf the Christian era. He was suffocated by the vaponrs 
'.lUtsed I'j of Mount Vesuvius A.X). 79. 
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waBfl, Bays VitruvltiB,* in two principal metbods—one called 
iModomon, in which all the courses were of an equal thickness ; 
and the other paeudisodom/m^ in which they were all nneqnal. 
The first, or true manner, was always need in their grandest 
buildings, as being the most lieautifiU ; and the latter, or false 
method, where beauty of appearance was of less consequence. 

imother and still inferior mode of walling was also used by 
the Greeks for works of lesser consequence; this was called 
emplecton. The front stones only of this manner were wrought, 
and the interior left rough and filled in with stones of various 
sises or rubbish. This style was principally used in walls of 
great thickness, such as those surrounding cities. In some 
instances the walls were built of bricks or common stone, and I 
faced with marble. ' 

Cement was seldom used by the Gbreeks in their best works, 
as the size and weight of the blocks and the great exactness with 
which they were squared were sufficient for solidity, and of 
course made more perfect and complete joints. 

The Greek architects of the best period were judiciously careful 
that the ornamentation should in every case accord not only with 
the purpose to which the building was to be devoted, but that 
it should be appropriate to the situation in which it was to be 
placed. Thus they never built a prison in the Corinthian (or 
most graceful and highly decorated) style, nor a theatre in the 
severe and solemn Doric. The external ornaments are bold and 
sparingly distributed, and as they are to be exposed to light, 
they stand out in high relief from the surface, so as to oast bold 
Shadows. This is called alto-reliefs whilst the system of orna- 
mentation used for less exposed situations was that called haa- 
reliefs in which the figures or objects project only partially from 
a fiat surface, like a raised painting. Both of ^ese styles may 
be studied from the model of the Parthenon, or Temple of 
Minerva, at the Crystal Palace, in which the ornamental sculp- 
ture will be observed in its place, whilst a portion of it is placed 
of the size of the originals along the walls of the gallery. The 
originalB, called the Elgin Marbles, may be seen in the British 
Museum. Amongst these will be seen several figures — such as 
Theseus, Hercules, and Ilissus, a river god, which formed portions ' 
of the groups in the pediment, or triangular portion surmounting < 
the pillars of the portico. These were absolutely separate from 
the background. (Figures placed in this manner may be soon 
in the pediment of the Royal Exchange, which faces the Poultry, 
London.) The Elgin Marbles f also comprise the celebrated 
Frieze — a broad horizontal band of sculpture which was placed 
around the outer wall of the cellay or principal chambers of the 
temple, within the cloister or covered walk which surrounded the 
building. This remarkable work represents the solemn proces- 
sion to the temple of Minerva during the Panathoneean festival, 
and has never been equalled for elegance of composition and the 
variety and gracefulness of the figures. It is executed in low 
relief, in order to adapt it for its precise position ; for as it was 
placed high up on a wall, in a narrow corridor, the lower port of the 
figrufes would, had they stood out in a high relief, have hidden the 
upper from the vision of the spectator, who was precluded from 
stopping back to view them at a distance; and, further, the 
frieze, placed as it was within the colonnade, received its light 
from between the columns, and by reflection from below, and 
therefore figures projecting far from the background would 
have oast shadows in on uncertain or contradictory manner. 

This exquisite frieze occupied slab after slab, a space of 524 
feet in length. The remains of it in the British Museum, on 
slabs and fragments of marble, are to the extent of 249 feet, 
besides 76 feet in plaster oasts. These soulptures were designed 
by Phidias,^ and were executed by him, or under his super- 
intendence. 

The masonry of the Greeks was, as has been said, executed in 
the most beautiful marble, the workmanship being worthy of the 
costly material ; the joints, etc., being worked with the most 
exquisite refinement and truth, whilst the artistic work has not 
been surpassed in any subsequent period. *' It seems difficult to 
believe,*’ says Mr. Ashpitel, ** that so enlightened a people were 


^Yltmvius, a celebrated Boman architect, born about 80 years b.c. 
(see TscBtrtcAL Euucatob, Vol. 1., p. 39). 

tThe Elgin Marbles were brought from Greece by Thomas, seventh 
Earl of Elgin, and purchased from him by the nation lor the British 
Museum in 1816 for the sum of £86,000. 

^Phidias, a famous seu^ptoir of Athens. He died B.p« 482. 


ignorant of the use of the aroh, especially as it is dear that it 
was known not only to the Egyptians, but was used in Ninevdi. 
However, no example of a Greek arch exists at this time as an 
architectural feature, although for neoessary purposes (aa cover* 
ing drains) and concealed in the walla (as discharging arches) 
examples are to be found in Greek works. It is probable that, 
as they had plenty of marble in blooks of almost any size, they 
preferred to use it in horizontal bearings to working it into arched 
forms.** 


AGRICULTURAL CHEMISTRY— IX. 

BY SIB CHARLES A. CAMERON, PH.D., M.D., 

Profeuor of Hygiene in the Boyd College of Burgeons, Ireland, etc* 
CHAPTER IX.— PHOSPHATIC MANURES. 

The phosphatio manures employed ohiofly in these countries 
are bones, guano, and superphosphate of lime ; but the manufac- 
turers of artificial manures employ as raw materials various 
mineral and organio phosphates which the farmer does not use 
directly for manurial purposes. 

Bones consist of organic matter (ohiefly gelatine), which is 
combustible, and mineral substanoes, which are incombustible ; 
they also include a considerable amount of water. By boiling 
bones by far the greater portion of their fatty constituents 
and a proportion of their gelatine are removed. Wlien kept for 
some months after being boiled their composition is gen^^rally 
found to be nearly the following; — 100 parts of dried boiled 


ox-bones contain — 

Moisture .... 10 

Orgnuic matter 

Tricalcio phosphate (bone phosphate of lime) 

Mognesic phosphate . . 2 

Calcic carbonate ... 4 

Alkaline chlorides and sulphates 1 

Insoluble matters ... 1 


100 

When the bones are fresh or “groon** they often con turn 
nearly half their weight of water. It is always the more 
economical plan to buy the very driest bones, even if they are 
apparently very dear. Ox -bones appear to be better than sboop- 
bones, whilst the latter are considered superior to horse-bones, 
at least for manurial purposes. 

The amount of nitrogen in bones is considerable, and is 
sometimes equivalent to nearly 5 per cent, of ammonia. On the 
average, I have, however, found in commercial bone-dust only 
from 2'5 to 3' 7 per cent, of nitrogen. During the decay of 
bones in the soil the nitrogen is ohiefly converted into ammonia 
— fourteen parts of nitrogen uniting with three parts of 
hydrogen (whicli is also a constituent of bones) form seven- 
teen parts of ammonia. 

As fat is a useless addition to the soil, bones should be 
boiled to deprive them of their grease ; the value of the fat 
should more than oompensato for the cost of boiling the bones. 
The liquid in which the bones ore boiled contains, after the 
removal of the fat from it, an important amount of nitro- 
genous matter ; this liquid should therefore be preserved, and 
added to the manure-heap. 

The bones met with in commerce are often grossly adnlteratod 
with gypsum, coprolltes, sand, and marl ; and I have found as 
much as 50 per cent, of extraneous matter in bone-dust. ** Half- 
inch** bones are less liable to be adulterated than quarter-inch ; 
whilst unbroken bones cannot readily be tampered with without 
detection. Large bones deposited in the soil remain there for 
very many years before they undergo complete decomposition. 
When they are reduced to very small fragments, by me^s of 
the bone-mill, they are rendered far more active as a fertilising 
agent. Under any ciroumstanoes, however, bones are a slowly- 
acting manure, and ore best adapted for pastures, where fer- 
tilising matters need only be slowly applied. The action of 
bones may be hastened by fermenting them before their appli- 
cation to the soil. The bones shonld be mixed with half their 
weight of earth, piled up into a heap, and kept saturated with 
the strongest liquid manure from the house. In about three or 
four weeks the bones will be found thoroughly fermented, 
and their hard structure softened. The late distingmshed 
agriculturist, Mr. Philip Pusey, whilom President of the BoyaJ 
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Agiictdtaral Sooietj of England, employed fermented bonee 
in green crop hnabandry with remarkable enooesB. He believed 
himself to be the inventor of this method of treating bones, 
but in this respect he was mistaken, as it was practised, though 
rarely, many years before his experiments were undertaken. 
Bones subjected to the action of high-pressure steam de- 
compose much more readily in the soil than the finest bone- 
dust ; but steamed bones are very rarely used as a manure. 

In South America the bones of oxen and other animals 
are burnt upon a very large scale; and the incombustible 
residue is, under the name of bone-ash, largely exported to 
£ure[)e, where it is chiefly employed in the manufacture of 
artificial manures. This substance contains from 68 to 76 per 
cent, of trioalcio phosphate, the average proportion being 71 per 
cent. The other ingredients are moistnre, calcic carbonate, 
alkaline salts, carbon, and insoluble earthy matters. Farmers 
very rarely use bone-ash as a manure per se / but it is one of the 
commonest sonroes of phosphates used in the manofactore of 
superphosphate of lime and other artificial manures. 

In the chapter on guanos, I referred to those wUoh contain 
but a trace of nitrogen, and which are only valuable on account 
of their phosphates. The following table shows the average 
composition of some of the phosphatio guanos now in the 
market t — 

COMPOSITION PER 100 PARTS OP PHOSPHATIO OUANO. 


Moisture .... 

10*0 

100 

9-6 

16*0 

Orgiinio mattxir aud ammo-) 

ninnnl uiLlta ( 

9*0 

75 

140 

8*0 


Trioalcio phosphate 

780 

750 

400 

73*2 

Calcic sulphate (gypsum) 

30 

— 

— 


Calcic carbonate (chalk) 

4*0 

— 

80*5 


Alkaline salts 

. 0*5 

5-5 

3*3 


j imoluble matters . 

. 0*5 

20 

2-7 



1000 

100*0 

lOOO 

100*0 


Ill the year 1840, Baron von Liebig, in his celebrated work on 
Agricultural Chemistry,*’ suggested that the fertilising action 
of bones might bo greatly hastened by treating with sulphuric | 
acid. This admirable suggestion was shortly afterwards carried 
into effect by Sir J. Lawes, of Bothampstead ; and it has been 
Ihrt means of creating a new and extensive branch of manu- 
facture in these countries and in other parts of the world — I 
rotor to the manufacture of superphosphate of lime, and other 
manures of the kind. As I have already explained, bones dis- 
solve slowly in the soil, .because their constituents are in a 
hard and firmly coherent state, and in coarse fragments. By 
Liebig’s process the bone ingredients, but more especially the 
phosphates, ore rendered soluble or pulpy, in which state 
teoy are readily dissolved by the solvents which are present 
in the soil, and presented in an assimilable condition to the 
crops. 

Bonos aoted upon by sulphuric acid (oil of vitriol) constitute 
liic c(.»iniiieroiai ariioie so famiiiariy known to agriculturists 
under the names of superphosphate of lime, and dissolved 
or vitriolised bones. I shall now explain the nature of the 
rvhioh take place when bones are converted into super- 
ate of lime. 

Tn^oic phosphate (familiarly known to farmers as bone, or 
insoluble phosphate of lime) is composed of three chemical 
parts or atoms of the metal calcium,* united with one atom 
of phosphoric acid. This compound is insoluble in pure water, 
but it is sparingly soluble in water containing carbonic acid, 
ammoniaoal salts, and even common salt. The water which 
percolates the soil contains the various matters which enable 
it to dissolve trioaloic phosphate, and the finer the particles of 
^e latter are the more readily ore they taken up into solution. 
When two ports of sulphuric acid are poured upon one part 
of trioalcio phosphate, the latter parts with two of its atoms 
of calcium to the acid ; the remaining atom of oaloinm and 
the atom of phosphoric acid constitute monocalcio phosphate, 

* Calcium and oxygen in nnion oonstitate qalck or burnt Ume 
( calcic oxide). 


commonly termed biphoephate or acid phosphate of lime. 
The two atoms of calcium separated firom the trioalcio phos« 
phaie, and the two atoms of sulphuric acid form two atoms 
of calcic sulphate (gypsum, or plaster of Paris). 

Trioalcio phosphate is insoluble in water, whilst monooaloio 
phosphate readily dissolves in that liquid ; nevertheless, plants 
do not take up monooaloio phosphate from the soil, for if they did 
it would act corrosively upon their tender tissues. The instant 
monooaloio phosphate is placed in the soil the calcium, which 
(as chalk) is invariably present in the latter if fertile, unites 
with the monooaloio phosphate, and converts it into trioalcio 
phosphate. What, then, it may be asked, is the utility of 
converting insoluble phosphate into soluble phosphate, when 
the latter becomes again insoluble when placed in the soil? 
Simply that the bone phosphate may be got into the finest 
possible state of division. The most powerful mill only re- 
duces bones to a coarse and hard powder, but the precipitated 
phosphate formed when soluble phosphate is deposited in the 
soil is as soft as jelly, and yiel^ easily to the action of the 
solvents contained in the soil. Trioalcio phosphate contains — 


Lime 53*86 

Phosphoric acid 46*14 


10000 

According to Berzelins, its composition when derived from 
bones is, after ignition — 

Lime 51*26 

Phosphoric acid 48*74 

100*00 

It requires 156 parts of trioaloio phosphate to produce 100 
parts of monocalcio phosphate. Every part of biphosphate of 
lime as a manure is equal to 1*56 parts of bone phosphate made 
I soluble. 

100 parts of boiled bones and 85 parts wf brown oil of vitriol, 
thoroughly mixed, and allowed to remain for a month, usually 
have the following composition per 100 parts ; — 


Water 16*0 

Organic matter and combined water . . , 20*0 

Containing nitrogen, equal to ammonia . . (2*0) 

Biphosphate of lime 18*0 

Phosphate of lime . . 8*0 

Sulphate of lime S5*0 

Alkaline salts .1*5 

Insoluble matters 1*5 


100*0 

This manure would be rather damp, and should be dried with 
peat-mould or fine clay. 

1 ton of bone-ash aoted upon by 18 owt. of brown sulphuric 
acid will produce about 38 per cent, of soluble (not bip/u/s- 
phate) phosphates. 

There are several minerals which contain large proportions 
of phosphoric acid. Phosphorite is a white, hard stone, oon- 
taimng upwards of 70 per cent, of the trioalcio phosphate. The 
j white mineral termed apatite is a compound of three atoms of 
I trioalcio phosphate with one of oaloio chloride and one of 
> calcic fluoride ; the green mineral termed moromte has a 
j similar composition. The brown pebbles found in large 

I J.41 Vdiirivus pxHiuoB xii Miv tfwtv UL fiiigiuoxu, UUU IH^riuea 

( coprolites (from the erroneous idea that they were the fos- 
; silised excreta of extinct species of animals), consist of from 
j 50 to 60 per cent, of earthy phosphates, mixed with oaloio 
I carbonate and fluoride, and insoluble earthy matters. Enor- 
. mous quantities of coprolites have been raised in England 
i during the last thirty years, and their use has tended greatly 
to economise the production of superphosphate of lime. Phos- 
phate of aluminium is likely to be soon largely employed in 
the preparation of artificial manures. Mr. Spence, of Maneboster, 
some few years ago patented a process whereby he proposed to 
convert the alumina in the phosphate into alum, and its phos- 
phoric acid into saperphosphate of lime. An examination of 
the native phosphate of aluminium which Mr. Spence propoe<Mi 
; to use in his process showed that it contained phosphoric acid 
j equal to nearly 70 per cent, of trioaloio phosphate. 

I Mineral superphosphate is prepared by pouring sulphuric 
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acid (tpeoiflo graY% 1*6 to 1*7) on phosphorite or ooprolitee. 

phosphate of c^oinm in snoh mineralB ae ooprolites is 
nariesi ; it should, therefore, be wholly oonverted into soluble 
phosphate, so that not the slightest portion of insolnble phos- 
phate shoiUd remain. For evexj per cent, of chalk in the 
ooprolites, 1 per cent, of solphnrio acid (speoifio gravity 
1*7) should be used; and for every 10 per cent, of earthy 
phosphate, 8 per cent, of acid. As deleterioas fames are 
given off during the mixture, the prooess is conducted in a 
close chamber, provided with a flue to convey the gaees and 
vapours into a chimney.' The ooprolites are ground into a 
powder before being us^, and the finer the powder is the more 
readily does it yield to the action of the acid. When the 
superphosphate is made it is always found in a hard mass, and 
it must be broken up by a pick or spade. In manure factories 
there is a machine call^ a disintegrator used for this purpose. 
On a small scale, ooprolite or bone superphosphate may be 
made in a wooden ta^, 12 feet long, 5 feet wide, and 2 feet 
deep. To protect the wood from the action of tbe acid, the 
inside of the tank should be coated with pitch. 

Although the price of superphosphate of lime is generally 
about Ml per ton, the composition of the article varies con- 
siderably, some specimens being nearly twice as valuable as 
others. It is necessary, therefore, that the farmer should never 
purchase superphosphate of lime, or any other kind of artificial 
manure, wiiliout receiving a guaranteed analysis, showing its 
composition. A good bone superphosphate should include from 
22 to 26 per cent, of soluble phosphates (bone phosphate made 
soluble) to 14 per cent, of insoluble phosphates, and from 1*2 
to 2 per cent, of ammonia. A mineral superphosphate should 
include from 26 to 35 per cent, of soluble phosphates ; any 
insoluble phosphate which it may contain being considered 
worthless. 

In purchasing a manure the farmer has to consider the 
cheapest sources from which ho can obtain soluble phosphates, 
insoluble phosphates, and ammonia. I have drawn up the 
following table of the money value of the different ingredients 
of manures, founded upon the prices at which they may be 
obtained from the cheapest sources at the time of writing : — 


MONEY VALUES OP THE CONSTITUENTS OF MANURES. 


Ammonia .... 
Biphosphate of lime* . 
Phosphate of lime 
Sulphate of lime . 

Alkaline suits (soda and potash 
mixed) .... 
Potash salts 
Organic matter 


Per ton. 
.£80 0 0 
. 30 0 0 
. 10 0 0 
. 1 10 0 


compound 


2 0 0 

16 0 0 
0 10 0 


Recently manufacturers have not been able to obtain sulphate 
of ammonia under j 616 to jfil8 per ton. This salt contains 
25 per cent, of real ammonia ; and, therefore, in it the farmers 
may purchase ammonia at the retail price of i!80 per ton. 

Biphosphate of lime is of equal value to the farmer, whether 
prepared from bones, bone-osh, or ooprolites. It cannot, how- 
ever, bo produced as cheaply from guano or bones as from 
minerals; but that is a matter which concerns the producer 
and not the consumer of soluble phosphates. The manufacturer 
can procure phosphate of calcium at ^6 per ton in ooprolites ; 
whereas it costs him ^08 10s. per ton in bones (allowing for 
the value of their other ingredients), and ^9 ISs. per ton in 
phosphatio gnanos. But why make soluble phosphates from 
bones or guano P Bone-soluble phosphate is precisely the same 
thing as copcolite-solnble phosphate ; no chemist could dis- 
cover the slightest difference between them, for there is none. 
Therefore, in even the so-called bone superphosphate, the 
biphoSphate should be derived from a mineral source; whilst 
the insoluble phosphates should be in the form of bone-dust, 
or soft guano. 

The farmers can purchase insoluble phosphates in bones or 
bone-ash, at about j 01O per ton ; but if they buy phosphatio 
guanos, ^ey pay from ^13 to ^215 per ton for the phosphates 
which teey contain. Although guano phosphates are soft, and 


* I glTe these oompoonds the names by which they ore familiarly 
knows to agrienltnilata. Their atrictly soientiflo deaignations have 
already been exploiBed. ■ 


probably dissolve pretty readily in riie solvents in the soil, I 
consider the price at which they are generally sold beyond 
their real value; and farmers wo^d act wisely if tiiey bought 
their ammonia in the form of sulphate of ammonia, their 
soluble phosphates as a mineral superphosphate, containing 80 
per cent, of biphosphate, and their insoluble phosphates in the 
form of bones or bone-aab. 1 cwt. of sulphate of ammonia, 
4 owt. of the fin^t bone-dust or fermented bones, and 15 owt. 
of oonoentrated mineral superphosphate would form a oompound 
containing 2 per cent, of ammonia, 23 per cent, of soluble 
phosphates, and 10 per cent, of bone phosphate, and costing 
less than Ml per ton. 

A simple way in valuing a manure is to regard the 100 parts 
in the analysis as 100 tons. The amount of each ingnrodient is 
multiplied by the price per ton ; all the products added together 
give the value of 100 tons ; the result divided by 100 gives 
the value of 1 ton. Suppose a manure contains 1 per cent, of 
ammonia, 20 per cent, of biphosphate of limo, and 5:5 per 
cent, of phosphate of lime ; then £* « a 

1 ton of ammonia, at £80 . . . . 80 0 0 

20 tons of biphosphate, at £30 . . HOO 0 0 

5*5 tons of phosphate of lime, at £10. . 55 0 0 


£735 0 0 

Divided by 100, this gives per ton £7 7 0 


BUILDING CONSTRUCTION.— XIX. 

STAIRCASES. 

In our lessons on ‘‘Building Construction” we have touched 
on the methods usually adopted in the structure of walls and 
roofs, and the formation of every important part of a building, 
and wo now come to staircases, by which we obtain the mcantf 
of ascending and descending with ease and readiness from one 
floor of a building to another, t 

The rudiments of the staircase are to be found in the com- 
mon ladder, formed of two parallel lengths of wood or a fir-tree 
sawn in half, connected by horizontal bars of wood or “ rungs,” 
from a foot to eighteen inches in Itmgth, and it may be 
remarked that nothing more than a lac'doi* is frequently used 
even now for reaching a hny-loft or harness-room from the 
stable or coach-house beh-w. When it was found that it was 
inconvenient and indeed almost impossible to ascend the ladder 
without grasping its sides by the hands, broad ideces of timber 
were substituted for the sides of the ladder, into which other 
broad pieces were inserted at a certain angle, so as to present a 
level surface when the whole contrivance was reared against a 
wall. This next step in the formation of a staircase may bo 
readily recognised in the “ steps ” found in almost every house- 
hold, and used for cleaning windows, walls, and a variety of 
other purposes. The transition from this to immovable flights 
of stairs, such as are now used in houses and buildings of every 
description, can bo easily traced, and it is only necessary to 
point out that the staircase in course of time developed into an 
architectural feature of great beauty, as may be seen in many 
of our old English mansions and public buildings. 

Staircases may bo divided into — (1) Geometrical, or such as 
arc supported by or against a wall ; (2) Bracket stairs, or such 
as are built in an opening or well, with strings and newels, 
and are supported by landings and carriages, the brackets 
mitreing to the end of eacli riser ; (3) Dog-legged stairs, which 
have no well-hole, the hand-mil of the i^rogressivo and the 
retrogressive flights falling in the same vertical plane. 

The steps are fixed to siHtujs, newels^ and carriages ; and the 
ends of the steps of the inferior kinds terminate only in the side 
of the string, without any ‘* housing.” 

Fig. 182 is the plan, and Fig. 188 is the sectional elevarion of 
I a dog-legged staircase, with two-quarter winders — that is, the 
two spaces. at A and b, instead of being used as a landing, are 
I divided into winding steps. In the plan, a is the seat of the 
I lower newel, and g is the seat of the upper newel. The dotted 
line represents the faces of the risers — that is, the upright 
portion of the steps; and the full lines are the plans of the 

f The reader should also consult Cretwell’s Manual of Handrailing 
and Stairoasing ” (Casstll Jt Co.}, 
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surfaces of the steps, called the ** tread/* The ed^ of the 
steps are termed the “ uosings/’ 

1^ the elevation, a is the lower and b the npper newel. The 
upper part of each is generally tamed, but is here, for shn- 
pUoity, rendered necessary by the small size of the illustration, 
drawn as if square, c and d are the lower and upper string- 
board, framed into the newel. 

In the setting out of staircases a storey rod, R s, is used. This 
is a very necessary article, and consists of a rod or rule, of the 


quarter-paces, half-paces, one^uarter winders, or two-qnartef 
winders. 

In drawing this example, or others of a similar oharaotm; 
i having drawn the rectangle, which is the p)an of the well ix 
I which the staircase is to be built, divide it longitudinally into 
I two equal i>art8 ; on each side ci the dividing ^e set off halt 
i the width of newels and hand-rail. This w^ leave the space 
I on each side which is to be occupied by the stairs. 

I Draw lines a 1, 2, 8, 4, 5, 6, 7 ; produce line 7 across the 



gross height of the complete storey, or from the upper surface of 
the boards of the one floor to the under surface of those of the 
other. It is divided into as many equal parts as there are to 
be risers, and from these the heights of the steps are to be 
ganged. In the construction of dog-legged staircases, the first 
thing is to take the dimensionB of the stair and the height of 
the storey, and to lay down a plan and section, representing a^ 
the newels and steps, upon a floor, to the full size, or certainly 
to as large a scalp as possible. Then the situations of the 
carnages, pitching-pieces, long-bearers, and cross-bearers will 
be ascertained, as ^so the string-boards ; and the quantity of 
room required by the stairs at nine inches tread and six inches 
rise, w the case may be, will determine wheUier there are to ^ 


width of the baluster, and produce the line of the baluster 
until it reaches B ; the newel will then occupy the right angle 
formed at g. Complete the plan of the new^, and pr^uce the 
line of its face to b. 

It will be seen that bam eqnal to the length of the stairs, 
and that this is the case with D B ; but that A D and b 7 are 
increased beyond a square by the addition of the thickness of 
the newel g. This will be clearly understood on referring to 
the drawing. 

Now divide this rectangle into the number of eqnal parts 
required for the winders, and draw the edges of these radiating 
from ihe angles of the newel. From B set off tiie upper flight 
of stairs, and thus oomplete the plan. 
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Li oommenoing the elevation dmw,a 
ground-line, and project the line of the 
wall fh>m AB in &e plan. Draw the 
atorey-rod, s B, and off on it the 
heights required by the steps^ and draw 
horizontals from eaoh of these points ; 
intersect «these by perpendionlars drawn 
from 1, 2, 8, 4, 5, 6, 7 in the plan, and 
the points obtained by the interseokons 
of these two sets of lines will give the 
edges of the siairs in the elevation. It 
wiU be seen that the points for the 
winders are obtained by drawing per- 
pendioulars from the points where the 
edges of the winders in the plan out the 
wall. 

Next project the lower and upper 
newels, a and b, from a and ^ in the 
plan, and it will be seen that the lines 
of the hand-rail and string-board are 
parallel with a line drawn touohing the 
edges of the stairs. Having drawn 
these, the aro forming the underneath 
line of the winders complete the 
figure. 

Fig. 184 is the plan and Fig. 185 is a 
section on the line a b of a staircase, 
with landing at half the height of the 
flight, and a narrow well between the 
ends of the stairs. The landing rests 
on three joists, a, a, a, which are stiffened 
by the cross-pieces, 5, b. 

The balusters and hand-rails are omit- 
ted in the section in order that the 
drawing may bo rendered as simple as 
possible. 

This study is to be worked on the 
same system as the last, the section 

being projected from the plan. It will be seen from the plan ‘ 
that the string-board turns at the end in the form of a semi- 
oirde; but edthough it turns round a semicircle, it must 
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remembered that it is at the same 
time rising to the next flight, and the 
curve it thus forms in the sectional ele- 
vation is a portion of a helix. In a 
drawing of tlto size of the example thia 
curve might be drawn by the eye, but 
the power of doing this must be acquired 
by studying the true construction of the 
curve on a larger scale. 

For the construction of the helix 
curve on which this figure is b^ed, the 
student is referred to lessons on ** Pro- 
jection.'* 

Fig. 186 represents the plan and ele- 
vation of the portion of the string-board 
under consideration, projected on a 
plane parallel to the steps in the ex- 
ample (Fig. 184). 

Having drawn the outer semicircle, 
a b, and the inner semicircle, a' divide 
either into any number of equal parts, 
and draw radii ; divide the height which 
the curve is to ascend into the same 
number of equal parts, and draw hori- 
zontals. 

Draw perpendionlars from the ex- 
tremities of the radii, and their inter- 
section with the horizontals will give 
the points through which the helices 
representing the winding round a semi- 
circular space will be developed. 

Fig. 187 is the plan and Fig. 188 is 
the elevation of a winding staircase with 
solid central newel. In the plan, the 
dotted lines represent the plans of the 
risers, and from these, therefore, the 
perpendicular edges of the stairs must be 
projected ; whilst the nosings of the steps 
are to be projected from the full lines in the plan. The student 
who has worked the previous figures will not, it is presumed, 
require any further instructions in drawing this subject. 
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SANITARY ENGINEERING.— IV. 

PKIVATS GAS-WOBKa 

Ik oar preriotifl papers we have given some acoonnt of the 
method of gas manufacture for public oompanies—the oompara- 
tire merits of different descriptions of burners — and in the last, 
on Photometry, of the manner in which comparison was insti- 
tuted between various methods and materials for lighting pur- 
poses; quoting a few figures which clearly showed that 
was the cheapest of all. On its first introduction, at the begin- 
ing of the present century, all gas-works were private, as there 
were no public companies ; and now, after the lapse of a genera- 
tion, the idea appears to be dawning upon the public mind, and | 
to be generally received, that where the demand is sufficient in | 
amount, and the other requisite facilities exist as to room, con- ! 
venience, administration, etc., it is cheaper to make yowr own gas > 
than to purchase it of a company. The process is in any case j 
the same as generally described in our first paper upon the j 
subject, and many engineering firms have recently turned their i 
attention to the subject, with the view of producing sets of 
apparatus for the manufacture of gas in comparatively small 
quantities, as required for warehouses, for private mansions, 
or even for dwelling-houses. One firm alone has fitted up more 
than 600 sets of gas apparatus in various parts of the United 
Kingdom, and we propose to give the detail of one or two of 
these arrangements. One of the leading questions bearing upon 
the subject is, of course, that of price. Take London as an 
instance : 3s. 6d. per 1,000 cubic feet is an ordinary price for 
gas, and wo may say without fear of contradiction, that it has 
been ascertained by repeated experiment, that under oil ordinary 
ciroumstanoos the cost of the gas thus supplied, as far as the 
manufacture pure and simple is conoemod, does not exceed 2b. 6d., 
thus leaving a margin of nearly 30 per cent, in favour of the 
man who makes his own gas. Where is the difference ? In the 
immense outlay of capital already incurred by many of the 
companies in the earlier atid loss experienced stages of their 
existence, before the subject was so well understood as it is 
at the present time ; in the large and expensive staff required for 
working and collecting ; and above all, in the fearful per-centage 
of waste by leakage, condensation, etc., necessarily incurred in 
forcing the gas through lengths of piping of various sizes, 
extending over many miles of ground. The actual value of 
this last item is usually roughly calculated at 20 per cent. — 
that being the figure usually accepted — but probably a much 
larger figure would be nearer the truth. 

In many country districts there is no public gas company 
within roach, and here the advantage, where the consumption 
warrants the necessary expenditure, of the erection of private 
gas-works is of course incontestable. Noblemen and gentle- 
men throughout the country are beginning to appreciate the 
advantages (which appear, indeed, to be very obvious) of the 
system, and we may instance some country seats of the highest 
class, where private gas-works have been erected: Bayham 
Abbey, for the Marquis of Camden, in the neighbourhood of 
Hawkhurst in Kent; Cliveden, the seat of the Duke of 
Westminster, situate within a short distance of Maidenhead ; 
Modresfleid Court, near Worcester, for Earl Beauchamp; and the | 
Grange, Alresford, for Lord Ashburton. Indeed, we have no j 
doubt that in the course of a few years no country seat of any i 
magnitude will be without its own gas-works, the advantages of j 
economy and convenience being incontestable. | 

Coal is by no means the only material available for the manu- ; 
facture of gas, though, of course, it is the most commonly era- 1 
ployed. Peat has been utilised for the purpose, and by means of 
proper apparatus specially constructed, a gas of tolerable illumi- 
nating power has been obtained. In Bavaria, Professor Pethon- 
kofer has introduced a process for the ro-distillation of turf -tar, 
which has been extensively adopted ; and in some parts of 
France, the refuse of manufactories, treated chemically with 
acid, has been profitably employed for the same purpose, thus 
utilising a material which had been previously considered utterly 
without value. 

Petroleum is nlso a leading material among those from which 
gas may be made ; the necessary apparatus being provided, gas 
can be made from it which possesses about three times the illumi- 
nating power of ordinary coal-gas, its cost, however, being greater 
in somewhat a like proportion ; a special adaptation of burners, 
eto.f is required for the consumption of these highly illnminating 


hydro-carbon gases, as if burnt by means of the ordinary 
media considerable waste is the result. We have heard of gas 
obtained from some of these oils which bos a lighting power ex- 
pressed by 30 candles, the gas of ordinary consumption being of 
about 1 5 candle-power. A reference to our paper on Photometry 
will explain what these fignres mean, and how the results are 
ascerta^ed and tabulated. Although these results have been 
experimentally obtained, oommerdally the question has not 
yet assumed sufficient practical development for ns to recom- 
mend with confidence the adoption of this comparatively new 
process. 

And now to give some idea of the facility that exists for the 
manufacture of gas by private firms : we may say that a com- 
plete set of gas apparatus may be procured for A50, which will 
supply the ordinary quantity required for 10 to 15 lights; they 
are made portable, of iron of conrse, and can be fixed in a spaoe 
not exceeding 100 feet superficial, or 10 feet square. The 
first portion is the retort in which the coal is burnt, in a 
small apparatus like that in question producing about 40 oubio 
feet of gas from each charge. Iron cases, furnace-doors, shift- 
ing lids, hoops, etc., are all included ; and the interior of the 
retort is generally lined with what are technically called firo- 
InmpB — t.e., bricks of a nature that will resist lie action of 
intense heat, and which can be procured ready moulded to any 
required form. The next process is the condensing, washing, 
and purifying, the same for small quantities as for large, and 
all effected in a combined apparatus specially designed for the 
I purpose. The last requirement is the little gas-holder, to con- 
I tain from 100 to 150 cubic feet of gas, which is made of wrought 
plate-iron, provided with its small oolnmns, balance weight, etc., 
as complete in its way os the huge gas-holders that form the 
distinguishing feature of all gas-works os seen from a distance. 

I The practical difficulty with these very small sets of appa- 
i rates is, of course, the attendance. If the proprietor have suffi- 
j oient scientific knowledge to instruct a servant to attend to 
I them, in which case ho must thoroughly understand the detail 
I of each portion himself, they may probably be introduced with 
I advaiitogo ; but if this is not the case, as for so small a consump- 
tion it is not worth while to employ an engineer, probably 
the best course would be, if gas is so accessible, to obtain it from 
a public company. We have only described this very small 
apparatus in order to show into what detail it is possible to go 
upon tho question. 

The limit, we take it, of tho point at which it becomes desir- 
able from a commercial point of view to introduce private 
works, is that where the consumption is sufficient to warrant 
the engagement of one corapotont man who thoroughly under- 
stands tho process, and can take entire chargo of tho gas-works ; 
and to give an idea of tho outlay required, we subjoin somewhat 
in detail the requirement for the supply of 1,000 burners for 
8 hours ; this we take to be about the limit probably necessary 
for a very large manufactory. We may mention that the details 
are taken from a specification that has been actually carried 
out; the portions resolvo thomsolves, of course, as before, 
under the heads of (1) the retort, (2) the purifier, (3) the gas- 
holder. Tho cost of the whole, induing packing-cases, but ex- 
clusive of fixing, delivered in any part of England, may be taken 
at ^1,200. 

1. Tiie retort, consisting of 18 cast-iron D-shaped retorts, each 
7 feet long, 14^' X 12'', mouthpieces and lids for ditto ; ears, 
cross-bars, and T-sorews as required; 4 furnaces, of 12 bars 
each; fnmaoo-doors, frames, etc., as required; 4 evaporating 
pans, sigh-boxes and covers; hydraulic main, 14" diameter; 
ascension-pipes or stand-pipes and. flange dip-pipes; tar-pipes 
to cistern. 

2. TJie puHJier. — Patent combined apparatus — ^Bower’s in 
this case, though there are several others, forming in one 
vessel the condenser and scrubber ; with 4 dry-lime purifiers ; 
centre obarge-valve and a double bypass- valve ; 6 tiers of 
cast-iron sieves on wrought-iron T-bars ; 5 wronght-iron lids, 
air-plugs, eyes and keeps; syphon boxes, cleaning doors; 
water spreader, etc. etc ; small travelling crab, on girders, for 
moving various parts of apparatus. 

3. The gasholder, 50 feet diameter by 15 feet deep at the 
sides, to contain 30,000 cubic feet ; the crown of 15, the sides 
of 16 gauge thickness (this alhides to the ordinary method of 
measuring the thickness of sheet iron — viz., what is called the 
Birmisgluun wize gauge) ; and 6 cast-iron guide ooluBOOt 
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trussed girderst foundation plates, and all other necessaxy appur- 
tenances. 

It would, of oouTse, be possible to describe all these matters 
in complete detail, but that would be beyond the limits of the 
epaoe at our command, our object being only to give one or 
two instances of the way in which the commercial question has 
been elaborated* and the facility that exists of obtaining a 
complete set of apparatus for private gas-works. We should 
state, however, that the price quoted for the last set of apparatus 
includes no provision for setting or building work, but only 
expresses the first cost of the items to be poured ; all these 
additional matters of expense wiU, therefore,* be regulated by 
locality and similar circumstances; and it is of the utmost 
importance that any undertaking of the magnitude of that 
last described should be carried out under the superintendence 
of a thoroughly competent and responsible engineer ; as other- 
wise disappointment and failure will be the almost inevitable 
result. 

The two examples quoted may be taken as the extreme sizes, 
smaU and large, of private gas-works, the smaller being almost 
of an experimental character, and perhaps too diminutive for 
practical use ; while the larger size has sufficient power to supply 
the gas required for public use in a town of from 2,000 to 3,000 
inhabitants. 

For private gas-works, strictly so called — i.e., those attached 
to a mansion or a warehouse — perhaps 100 lights is a good 
average size to take, and without going again into the detail of the 
various appliances required, which vary only in size and capacity 
from those already described, we may say generally that the 
expense of such an apparatus, exolusive of brickwork and fixing, 
may be taken at JB300. When attached to a gentleman’s resi- 
dence, the course usually taken is for the engineer who erects 
them to instruct one or more of the servants connected with 
tlio establishment — c.</., a labourer or an under-gardener — in 
the details of the daily working; any question of construction 
or repairs being referr^ to the engineer. The price of the gas 
is regulated by the price of coals, and this by the district in 
which the house happens to be situated ; the 28. fid. per thousand 
cubic feet quoted above should perhaps bo taken as a minimum. 

Good gas can be made from grease and kitchen waste, and a 
practical gas engineer of our acquaintance has lighted his own 
residence with gas made from these materials; but the scientific 
knowledge requisite for their successful manipulation being pro- 
bably beyond the reach of the major portion of the public, we 
dismiss the matter with this passing notice. 
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BY OEOROE GLADSTONE, F.C.S. 

IRON. 

GENERAL DIFFUSION OF THE ORE — PRINCIPAL CENTRES 
OF WORKS — DIFFERENT KINDS OF ORB — ASSAYING — 
ANALYSIS. 

No metal is so universally diffused in Nature, and that too in 
such abundant quantity, as iron. This is equally true when 
applied to almost every country of the globe, but it is our pur- 
pose hero to confine our attention more particularly to the British 
Isles, and to those deposits within our borders which are of chief 
commercial value. At the present time (we do not wish to 
assert that it will always be so) many rich ores ore practically 
valueless because they are unfavourably situated for reduction, 
and thus cannot compete with inferior ores which are in the 
immediate neighbourhood of the smelting works. 

The low price of pig-iron, considering the quantity of material 
(ore, fuel, and limestone) required for its production, limits the 
trade almost entirely to those districts where all these three 
ingredients are abundant and cheap. There are some parts of 
the country, which will be spoken of presently, where iron-works 
are erected on other than Carboniferous strata ; but this is an 
exception to the general rule, and even there they are favourably 
situated for bringing the fuel to the works at a very low price. 
There are, too, some large deposits of ore which are worked, and 
sent elsewhere to he smelted; but this con only be done 
advantageously in a few instances where the ore is rich and the 
cost of carriage is low. 

The Weald of Sussex, for instance, contains a great deal of 


iron ore, and some 200 years ago or more it used to be smelted 
there ; but the circumstances of the trade have altered so much 
that it cannot be done now. At that time the fuel employed 
was wood charcoal, but timber is now much too valuable to be 
used for such purposes, and the iron in tiiose days was many 
times as dear as it is at present. Were the attempt made to 
revive the trade by using coal or coke, i^e cost of the fuel alone, 
burdened with a heavy carriage, would exceed the value of the 
iron produced. 

The supply of ores is so prodigious that no fear oan be enter- 
tained of a falling off, for centuries to come, which could affect 
the price of iron so as to render remunerative again works 
situated so unfavourably for economical working. 

Let us consider some of the principal sonroes of supply, taking 
them according to their geographical distribution. A very 
remarkable one, both for its extent and its comparative novelty, 
is the Cleveland district of Yorkshire. It is only within about 
thirty years that blast-furnaoes have been erected for smelting 
these ores upon the spot — the commencement of an immense 
trade. The rock here belongs to the Lias formation. The “ main 
seam,” as it is termed, extends over an area of about 420 square 
miles, and varies in thickness in different parts from 3 to 18 
feet. This one seam is estimated to contain nearly 5,000,000,000 
tons of iron ore. In addition to this there is the “ top seam,*' 
which covers a lesser area, having in many parts been carri^ 
away by denudation, and which is very irregular in thickness, 
varying from a few inches to 10 feet. These two seams consist 
of an earthy carbonate of iron, yielding from 10 to 36 per cent, 
of metal, but affording by their external appearance no indication 
of their mineral wealth. The ore rather resemblos hardened 
clay, and contains the impressions of numerous shells, princi- 
pally pecten and avicula, by which names different portions of 
the maiir seam are distinguished. The ores of low por-oentage 
are neglected, as the supply of the richer is practically inex- 
haustible. There is also a still more limited but very valuable 
deposit, which is a magnetic oxide of iron, containing from 45 to 
50 per cent, of metal. These ores are mined very much in the 
same way as a thick seam of coal would be. Headways ore 
driven, 9 feet wide and 90 feet apart, from which, at intervals of 
80 feet, “ boards” are excavated 15 feet wide. By this system 
pillars are left, 90 foot long by 30 wide. When it becomes 
nocessary to work the pillars, they are removed with a loss of 
only about 10 per cent, of their contents. 

Another region, which was the scone of a great revolution in 
the iron trade in the early part of tliis century, is the iron 
district of Scotland which lies south of the Clyde. The coal- 
field of Ayrshire and Lanark contains a layer of ironstone, 
known, on account of its daik colour, by the name of “ black 
band,” which possesses most singular advantages for its econo- 
mical working. It is a carbonate of iron, rich in metal, but 
containing also about 9 per cent, of coaly matter. The crude 
ore contains from 37 to 4Q per cent, of iron, and the presence of 
coal in the ore enables the preliminary operation of roasting to 
be done without the addition of other fuel. Since the discovery 
of this ore the smelting of iron in Scotland lias attained an 
enormous development ; and the price of pig-iron has been very 
greatly reduced through the competition of the Scotch smelters. 

In South Wales the beds of coal are generally associated with 
bands of ironstone, and, accordingly, almost the whole of that 
large coal-field is studded with iron-works. It was until lately 
the great centre for the manufacture of railway bars, which are 
shipped at the ports in the Bristol Channel to all parts of the 
globe. The ore here consists mainly of an argillaceous carbon- 
ate, to which the general term of clay^hand is given, though 
each layer of importance has its specific name. I'hey are 
generally thin, but numerous, and contain about 25 to 30 per 
cent, of metal, with a large ndmixture of earthy matter, which 
gives them much of the app ' aranoe and colour of hardened clay. 
On account of this earthy admixtnre some of the richer ores, 
which will be spoken of presently, are often imported to mix 
with i^,hem. In the neighbourhood of Pontypool, however, the 
black band ooours, containing as much as 15 per cent, of 
carbonaceous matter, and yiel^ng 30 per cent, of metal, an ore 
very advantageous to the smelter. 

The midland counties yield large quantities of iron. So com- 
pletely is the district between Dudley, Wolverhampton, and 
Birmingham occupied by this industry that agriculture is almost 
entirely neglected, and the whole surface of the country is block 



204 


THE TECHNICAL EDUCATOR. 


iviih coal-dust and Iroti slags ; while at night it is soggestiye of 
the infernal regions, being illtiminated by the flames isstuing 
from of fumaoes, and oTerhtmg with a lurid pall of 

amoke. This district has a special historio interest. It was 
here that Dudley, about the year 1620, first smelted iron with ■ 
coal ; but he thereby produced it at a much cheaper rate than 
his neighbours, so he and his inyentions were not to be tolerated; 
and it was not till long afterwards, when wood was becoming so 
scarce that stringent measures had to be taken to preyent its 
annihilation, that the ironmasters betook themselyes earnestly j 
to mineral fuel. This was more than a whole century after 
the date of Dudley’s patent. In our second paper we have j 
spoken of the great deposit of coal in the South Staffordshire 
field. In some spots the deposit of ironstone is almost as remark- 
able. The ores here coni^ of the argillaceous carbonate of 
iron — the pyevailing description in all Coal Measures— and in 
some oases the beds attain a thickness of 27 feet. At Wordsley 
Bank, for instance, the Pennyearth beds are of that depth, and 
in addition there are 4 feet of “ pins.” At Brierley Hill these 
two beds together measure 27 feet. The peculiar names borne 
by different beds of “ stone,” which in this port of the country 
always means ironstone, are sometimes suggestive. “ Pin ” is a 
common term, indicative of the ore being in nodular concretions ; 
the Pennyearth is so named because the bed is full of small 
flattened nodules somewhat resembling pennies. Throughout 
this district there are other bods of ironstone of varying thick- 
ness besides the two named, and the proprietors just select for 
working at each mine whichever may be the most convenient. 
The nodular character described above is a very ordinary feature 
of the beds in the Coal Measures, and many of these, being very 
thin, would never pay to work, were it not that other useful 
material is frequently obtain^ at the same time. Thus, on 
reference to Fig. 5 in page 33, where a section of the thick 
coal in Baremoor Colliery is given, it will be seen that there is 
a layer of ironstone lying immediately below the herring coal,” 
and again a second immediately below the thick coal,” and 
overlying the “first heathen coal.” The latter is a very con- 
stant bed, varying from 2 to 8 or 9 feet thick, which has been 
very largely worked. It will be seen from this section that the 
ironstone and coal can both be got at the same time in these 
particular instances, so that they would be worth working even 
if the ironstone bed were very narrow. Again, at other times 
the iron ore will be close to a bed of fire-clay, and as this is an 
article of large consumption by the ironmasters, the two can 
often be profitably worked together. The bands of ironstone 
are generally very numerous, perhaps twelve to sixteen in num- 
ber, but only those are regarded as of commercial value which 
are of sufficient size and richness to be worked for their own 
sake, or lie in association with the cool or fire-clay. The ores 
contain on an average about 33 per cent, of iron. When first 
wrought the argillaceous matrix of those nodules adheres to 
them, and could not bo removed without considerable trouble 
and expense ; but exposure to the action of the weather removes 
all this, and leaves the nodular concretions free. 

To the west of this is an isolated district in which the iron 
manufacture has been carried on very successfully for a long 
term of years — Coalbrook Dale. This, again, as its name indi- 
cates, belongs to the Carboniferous period. Though the field is 
of limited area, the works established here possess no little 
historical interest, as it was here that Abraham Darby, the 
founder of the great firm that still boars his name, re-introduced 
the smelting of iron with pit-coal about 180 years ago. 

In North Staffordshire is another deposit of iron, also belong- 
ing to the Carboniferous formation, principally the usual earthy 
carbonates or clay bond, containing about 35 per cent, of metal; 
but near Newcastle-under-Lyme the black band also occurs, 
containing, in addition, about 10 per cent, of free carbon. 

The great coal-field of Derbyshire and Yorkshire also contains 
large deposits, exclusively of clay ironstone, and averaging about 
30 per cent, of iron. 

There ai;© some ot onr most important coal-fields, however, 
which offei an exception to the rule which has been occupying 
(mi attention. Those of the north of England and Lancashire 
are deficient in these clay ironstones, which are so uniformly 
present in similar geolo^c^ deposits in other ports of the king- 
dom. Not that these distriots are without iron ores, but they 
■j*o very limited in quantity, and of a different character from 
what hM already been desc^bed. 


In Northumberland and Durham the argillaoeous iron ores do 
not occur in the Carboniferous rocks, but here and there wo find 
spathio oarbonates — beautifully crystallised ores-— oonteining a 
luge per-centage (from 38 even to 60) of metal. These are not 
in &e Coal Measures themselves, but in the Carboniferous lime- 
stone, and if found in larger quantity would be of the greatest 
interest and value, as they yield a very superior iron, this kind 
of ore being usually free from phosphates and sulphates, which 
are difficult to separate, and highly injurious to the quality of 
the metal. An ore of similar character occurs iu the Devonian 
beds of Somersetshire and Devonshire, and being very con- 
veniently situated for shipment across the Bristol Channel to 
the iron districts of South Wales, these ores are extensively 
worked for the purpose of mixing with the Welsh. 

The other deposits of iron ores of sufficient economic im- 
portance to call for special consideration also lie outside the 
Carboniferous epoch. The first that call for notice are the very 
remarkable deposits of rod haematite (anhydrous ferric oxide, 
Fe^Og), which occur principally in Cumberland and the northern 
portion of Lancashire, and to some extent also iu Glamorgan- 
shire. A curious feature connected with these is that they 
occur in large holes or pockets of the mountain limestone, 
though it is pretty evident that from a geological point of view 
they do not belong to that period. The red haamatites com- 
monly occur in crystalline masses radiating from the centre and 
rounded on the exterior surface, suggestive of the popular name, 
“ kidney ore.” At other times they are of an earthy character, 
but always leaving a very decided red mark ; the rouge of silver- 
smiths is, in fact, nothing else than this oxide ground fine. The 
haematites of Llverstono and Cleator contain the extraordinary 
quantity of from GO to 67 per cent, of metal, almost the only 
foreign matter in the ore being a little silica. Large works are 
erected for smelting these iron ores rupon the spot, but great 
quantities are shipped also to South Wales and other places to 
mix with the inferior ores, as haematite produces -iron of very 
superior quality. Those ores, being found in large masses of 
irregular form and size, are worked more like a quarry. Near 
Cleator is a mass about CO feet thick in some parts ; and at 
other spots these deposits are so large that their thickness in 
depth is as yet unknown. 

The only other description of ore of importance to the iron- 
master, which has not yet been mentioned, is the brown haamatite 
(hydrated ferric oxide, Fe^Og, + a variable quantity of water). 
This is very widely distributed, extending into the more recent 
strata, and is of considerable oommoroial value. It is generally 
more earthy in its character than the red, and produces a brown 
streak ; this is often used as a pigment, under the name of ochre. 
The Forest of Dean supplies very large quantities, and, judging 
by the remains of ancient workings, it seems to date back, as 
an iron-producing district, as far as to the Roman occupation. 
In recent years these ores have been turned to good account in 
Lincolnshire, Northamptonshire, and Oxfordshire, where they 
occur in considerable beds in the Oolite rocks. Increased facili- 
ties in bringing coals by rail have mainly contributed to the 
extension of the iron trade into these regions. The brown 
haamatites vary considerably in the amount of metallic produce, 
being mixed with very variable quantities of earthy matter. 

In addition to these there are many other compounds of iron 
in Nature, such as the common pyrites (sulphide of iron), 
arsenical pyrites or mispickel, which are not used In iron 
making, but are of value to the chemical manufacturer for the 
sulphur and arsotiio they respectively contain. 

Before commencing to reduce the ores it is important to know 
precisely their contents, because, in the first place, they may 
not yield the por-oentago of metal which their appearance might 
lead one to expect ; in the second, the nature and quantity of 
the earthy ingredients should be known, in order to determine 
the meet suitable flux to be used ; and, in the third, they may 
contain, in addition, some other ingredients, such as sulphur 
and phosphorus, which, even in small quantities, are doletoriouB. 
Any fre^ deposit of ore is therefore subjected to assay, or 
analysis, before putting it into the blast-fumaoe. 

The object of the assayer is to produce on a small scale what 
the smelter would realise on a lax^er one, from which it is easy 
to calculate the proportion of metal. The article which is 
required to be tested is put in the crucibles, which are placed 
on the fire-bars of the furnace, and packed all round with coke 
or anthracite broken small ; the ash-pit below is open in front 
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for the admission of air, and the <diimney should not be lees 
than thirty f^t in height, so as to promote a powerful draught, 
with a damper for reg^ting it. ^e omcible is first brasqued, 
or lined wi^ finely-pounded charcoal rammed hard, leaving only 
a small hole in the oentre, sulfioient to oontain 100 grains of ore 
and the necessary flux. These are both pounded ^e, and well 
mixed together. The flux varies according to the description of 
ore and the judgment of the assayer. The heematites will only 
need a little borax or flint glass. Ores containing silica, but 
deficient in lime or alumina, will require the addition of lime- 
stone or clay. Those, on the other hand, in which these prevail 
and the silica is wanting, are mixed with pounded quartz. Some 
need no flpx at all. The charge having thus been put in the 
omcible, it is covered over with some more powdered charcoal, 
and then the lid is luted on with fire-clay, the crucible put into 
the furnace, and the fire got up, gently at first, lest the omcible 
should crack, but ultimately to a white heat, at which it is 
maintained for about a quarter of an hour. It is then allowed 
to cool down, the cover of the furnace is removed, and the 
omcible taken out. On opening it and removing the brasque, a 
solid button of iron should be found at the bottom, separate 
from the slag. If the metal is generally diffused through the 
mass, and only in a partially melted state, it indicates either 
that the temperature was insufficient or the flux unsuitable, and 
the experiment must be repeated. The button of iron is weighed, 
and that represents the per-oentage of metal in the ore. The 
quality is commonly tested by hammering. If the button is 
flattened by the blow, the iron is good ; but if it flies to pieces, 
and the fragments show a crystalline texture, it is of inferior 
quality. The colour and appearance of the slag will also tell 
the assayer whether ho has appropriately selected and propor- 
tioned the ingredients of his flux, which is also a matter of 
much interest to the smelter. In order to save fuel and labour 
it is usual to have the furnace arranged to hold four cmciblos, 
and so make that number of assays at the same time. 

By the ordinary processes of chemical analysis every con- 
stituent of the ore can be ascertained quantitatively, and thus 
the per-oentago of metal and the most appropriate fluxes can be 
easily deduced. As a specimen of the result to be thus attained 
the following is taken from the Reports of the Geological Survey 
as Ihe analysis of an ore from Eston, iix the Cleveland District : — 


Protoxide of iron .39*92 per ccut. 

Peroxide 300 „ 

Protoxide of maiiffanese 0*95 „ 

Alumina 7 '86 „ 

Lime 7 44 

Magnesia 3 82 

Potash 0'27 

Carbouio acid 22'8r> 

Silica 8-70 

Sulphur O’ll 

Phosphoric acid . 1'86 

Moisture 207 


This will yield 33*62 per cent, of metallio iron. 


BRICK- AND TILE-MAKING,— 11. 

BY aiLBBBT R. REDGRAVE. 

TEERA-COTTA BRICKS A1?D TILES. 

The moulds used for terra-cotta are necessarily what are known 
as ** piece-moulds,” that is, they are composed of a series of 
slabs or pieces which fit together by moans of checks or tallies, 
and form the sides of a sort of hollow box without a lid, the 
opening in which constitutes the back of the block, or that part 
which is not to be visible in the finished work. Having care- 
fully fitted together and secured with string or oord the pieces 
of his mould, which should bo as few in number as possible (we 
win not here describe the making of the mould from the model, 
as that is simply the work of any moulder or skilled plasterer), 
the workman rolls out some of the clay by his side into sheets, 
from one and a half inches to two in^es thick, and by means 
of the open side forcibly introduces one of them into the mould. 
He then squeezes the clay carefully into aU the crevices and de- 
pressions, which of course coincide with the projecting portions 
ot the finished block. It needs considerable skill and dexterity 
to distribute the clay equally over the mould, and to fill out aU 
the Inequalities of enriched blocks — ^to force the clay fairly, in 
fact, into all the comers and cranniea of the mould ; and unless 


I the clay is tolerably uniform in thickness throughout the work, 

I all kin^ of difficulties arise in the drying. 

I Having completely filled his moul^ the workman, according 
I to his judgment, introduces one or more stays or supports ; 
these are webs of clay put in, in the form of partition to 
! support the main frame- work and to tie together the sides of 
the block. Some manufacturers then close up the back, leaving 
only a few small apertures for the exit of the moisture in drying 
and for the admission of the cement in setting. We think it, 
however, in all oases advisable to leave the hack open, as the 
drying of the inner and outer surfaces of the clay then goes os. 
more uniformly, and it becomes possible in fixing the terra-ootta 
to build the brickwork into the terra-ootta. In making a 
I quantity of blocks of one pattern, the manufacturer invariably 
prepares a number of moulds, a|s, owing to the time the clay has 
I to remain in the mould, the moulding operation is necessary a 
very lengthy one. When a mould has been filled it is placed on 
I a hot flue to dry, where, according to the nature of tha clay and 
; the size of the block, it may remain from two to six hours. In 
i this time, owing to the absorption of the plaster and the shrink- 
age of the clay, in consequence of the loss of its water, the 
! block leaves the sides of the mould, and readily permits of the 
: removal of the several pieces. On quitting the mould the terra- 
! cotta is far from being ready for firing, and requires a vast amount 
I of scraping and trimming before it is set aside to dry ; thus the 
j junction of each piece of the mould produces a seam or “comb” 
i on the block, which has to be very carefully removed ; then, in 
spite of the utmost care in pulling away the sides of the mould, 

! small pieces of clay frequently cleave to them and are broken 
off the block, and some chinks remain unfilled with clay. These 
places have ^ be repaired, and little irregularities on the surface 
have to be smoothed over, and all this patching and polishing 
j throw great temptations in the way of the workman ; thus it 
i is that in a carefully modelled piece of terra-cotta it frequently 
happens that much of the crispness and spirit of the work is 
sponged and scraped away in this process of cleaning and repair- 
ing. After leaving the moulder the block is taken away to the 
drying loft or chamber, where it may remain for a week or a fort- 
night, according to the season and the state of the weather ; and 
j during this period it should be repeatedly turned, in order to 
j ]>rovent it from settling down in any one particular direction. 

I The drying should not be carried on too rapidly or by means of 
I artificial heat, as this tends to make the clay crack, and once 
I cracked the block is worthless. The workman judges of the 
1 Bufficiontly dry state of the clay by its colour and by the weight 
of the block. 

We may now suppose that a number of blocks have been 
made and are ready for firing, and we will attempt to give a 
brief description of the kilns. The kilns or ovens in general 
use are of three different kinds : — 1. Circular in plan, with fire- 
places all round, varying from eight to twelve, or even sixteen 
in number. 2. Oblong, with fire-places at the sides and doors 
at either end ; those kilns may have from eight to twenty fire- 
places or firo-holes. 3. Newcastle kilns, which are obbng 
in plan, with the fire-places at one end only, usually three in 
number. Of these kilns the latter are the least economical, that 
is, they require the most fuel — viz., about one ton of coal to 
one ton of goods ; and the round kind are the best, as they are 
frequently fired with but little more than half this quantity. 
For all well and uniformly burnt terra-cotta the interior of the 
' kiln shonld be “ muffled”— i.e., have an inner ease or ” muffle- 
' lining ” of fire-bricks, protecting the goods from direct contact 
with the flames and coal smoke. In some parts of the country 
the terra-ootta kilns, and even those in whioh the white glazed 
i bricks are fired, have no muffle, but a kind of rude protection is 
I built up in coarser goods round the finer articles to be bunit. 
In some places, too, they use a sort of half-muffle, called a “ ring- 
j wall,” consisting of a lining reaching about half way up the 
i kiln, whioh protects the ware from the first violence of the 
I flame, and takes the place of the “ bags ” in an ordinary biscuit 
or gloss oven. 

To describe adequately the various systems of finng vrould, 
we fear, lead us far beyond the limits of the present series of 
papers. We may state briefly that the two chief methods are 
respectively known as the up-dranght and ^e down-dra^ht, 
according to the maimer in whioh the flame is oondnoted ‘from 
the furnace through the kiln to the chimney. The ordinary 
np-draught is the old-fashioned plan; and the down-draught 
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principle, which, when properly managed, saves a considerable 
amount of fuel, is of more recent introduction. The whole 
subject of pottery firing deserves careful study and inves^a- ; 
tion, as probably in no other manufactories, except in iron<* j 
works, does such a reckless waste of fuel take place as . in ’ 
potteries. The fire-places, or fire-holes, as. they are very justly | 
called, are rarely, if ever, supplied with fire-bars, and consist ! 
of mere rectangular brick chambers, with an orifice at the top | 
for supplying the fuel, and an arched opening to the ash-pit, to j 
get at the fire for the purpose of stirring it and withdrawing 
the ashes and clinkers. The fire is prevented from falling out j 
of the fire-hole by moans of a rough open wall of brickbats, 
called the glut-bricks,** the arch itself being called the “glut.** 
The goods which are to be fired are introduood into the kiln 
through an opening on one side or one end of it, and are built 
up one on the top of the other from th^ floor to the roof. The ! 
floor is covered with a layer of crushed pottery or. sand, and in ! 
a round kiln the heaviest and most massive objects are placed ! 
below, with the lighter or more hollow pieces above them. : 
Groat care and experience ere, of course, needed in filling a kiln | 
and in stacking the goods, for unless the different objects are 
disposed with reference to the amount of heat they have to | 
undergo, and the amount of weight they oan safely bear, the 
contents of the kiln may bo, and very often are, ibrown into 
sad confusion when the heat comes to be applied. 

When the kiln is full, and the smoking process is completed, 
tho doorway is built up in bricks laid dhy and plastered over | 
with loamy clay, and the cracks and various openings are care- 
fully stopped with the same material. Here and there, how- 
ever, a brick is so arranged that it may bo readily removed 
^rom time to time to observe the appearance of tbo interior of 
the kiln daring the different stages of the firing. For many 
hours after the fires aro lighted it is necessary to keep them ! 
very low, in order that the ware may be, as it is termed, 

* smoked.” For this process it is also advisable to keep a | 
current of air passing through the kiln, and therefore it is 
usual to leave the doorways and othor inlets either partially 
or entirely open until the smoking is completed, and the goods 
are thoroughly dry. In tho earlier port of the process dense 
volumes of steam are given off, which go to form the so-called 
“ white smoko,” and when this evolution has ceased, the fires 
aro gradually mode up until they are ” brought up to the 
mouths,” 08 it is colled — i.c,, till tho whole of the fire-chamber 
is full of fuel. The smoking may take, according to tho nature 
of tho contents of the kiln and their condition with respect to 
dryness when they wore put in, from twenty-four to forty-eight 
hours, after which tho “full firing” will take from sixty to 
ninety hours with thoroughly woll-bumt fire-clay. 

Tho treatment of tho fires, tho method of stoking, the manage- 
ment of the draught in tho chimney, and a host of minor 
details in this stage of tho manufacture of torra-ootta, require 
a vast deal more attention than they at present receive. Tho 
firing is, wo are bound to confess — as usually practised at the 
present time — a very haphazard and random proceeding. It is 
so, even in the Potteries, with tho finest kind of porcelain, and 
much more so with fire-clay goods and otunmon ware. The 
ti'uth of this matter is that manufacturers do not care to pro- 
vide shelter round the kilns for tho men, and thus, at night- 
time especially, tho firemen are only too glad to avail them- 
selves of any pretext for deserting their work. One mode of 
obtaining an hour or two’s sleep, and of absenting themselves 
from the kilns, is by what is called lumping ” the fires — that is, 
filling thorn up with coal and piling a great heap of larger lumps 
over the month, so that as the fuel gradually burns away the 
lumps may drop down into the fire-hole. Of course this is a 
very wasteful and bad practice, as the piles of coal very often 
burn outside instead of inside tho firo-ohambor, or tho fuel, 
in 8 tea<i of dropping down when wanted, ” hangs in the mouth,” 
and causes tho fires to burn hollow. 

A hollow fire is about the worst thing possible, as currents of 
cold or imperfectly heated air are thus allowed to enter the kiln, 
and may in a very short space of time undo the work of many 
hours, by cooling down the ware. There can be very little doubt, 
also, that unsteadiness in the mode of introducing the heat is 
fatal to the contents of the kiln, as alternate intervals of beating 
and rapid cooling oan scarcely fail to crack the goods. 

Tho firing of the terra-cotta is mostly conducted by means of 
** trials,” in the same way as with fine pottery-— ^t is, the fire- 


man judges of the condition of the oontente of the kiln by means 
of trial-pieces of ware, which he withdraws from time to time 
with an iron rod, through openings ca^ed ” trial-holes,** specially 
contrived for the purpose. These trials %re of various forms, a 
very common one being a ring, out off from the end of a drain- 
pipe, or a small basket, the aim in all cases being to enable the 
fireman to get hold of the piece readily. From three to four of 
these trials are placed at the top and bottom in each part or 
** quarter ” of the kiln, and the workman is supposed, at the 
end of the process, to produce the trials he has withdrawn at 
each different period ^ the firing. These pieces, of course, 
indicate to him the relative condition of all parts of the kiln, 
and he oan then manage his fires accordingly. Thus, he may 
have to ” push ** certain fires and slacken others, in order to 
** bring up the quarters ” all alike, or he may have to ” work for 
the top ” or bottom if be finds any important difference in the 
state of his top and bottom trials. The theory of trials is all 
very well, but an experienced workman goes more by the look 
of the goods through the ” spy-holes ” than by anything else. 
Moreover, the trials alone do not constitute a reliable guide, 
especially when the kiln is old and “ leaky,” or full of vents and 
craoks. A new kiln will frequently “fire up” in half the time 
an old one will, and thus show a vast saving in fuel. We should 
like here to have described some of tho new inventions for kilns 
and furnaces ; but this would, we fear, take up more spaed than 
we can spare. 

After tho last stoking the fires are allowed to bum gradually 
down, and in twenty-four hours’ time the door is opened and the 
cold air permitted to outer the kiln. This should not be done 
too soon, as it might cause the ware to “ fly ” or crack. When 
terra-cotta is wanted in a hurry it is often got out quite hot, 
and before the kiln is thoroughly cool a new lot of goods has 
been put in and the fires are again lighted. It will readily bo 
understood that this alternate expansion and oontraotion aro 
most prejudicial to tho stability of tho kilns, and it is nooc 8 Rai*y 
to build them most solidly and to tie them together with iron 
hoops or bands. However carefully this is done they soon 
begin to split open and crack, and the crown of the kiln, which 
consists, of course, of a brick dome, sooner or later falls in or 
has to be taken down. Tho repair of his kilns is consequently 
one of the most expensive items incurred by the manufacturer. 

Tho colour of fire-clay terra-cotta, when well burned, is, as 
we have observed, a dork buff, and to our mind terra-cotta can 
hardly be too much fired. Those blocks which are under-burnt 
or arc too pale in colour to build in properly with the other 
work may readily be fired again and made to take a deoi)cr tint. 

Wo have thus glanced at tho various stages in the manufac- 
ture of fire-clay torra-ootta, and wo may, in concluding this 
portion of our subject, make a few remarks on other varieties 
of this material . 

Moat manufacturers oan, if desired, furnish a rod terra-cotta, 
and many firms will, if necessary, give us a blue or a gi-cen 
colour at a slight extra cost. We cannot but regard the white 
or buff ware as the only true terra-cotta, in spite of the fact 
that almost all the ancient ware was rod in colour. Wo have 
given our reasons for maintaining that tho rod clays will not 
stand any groat degree of heat, and because in the dry olimatos 
of Greece and Italy the red ware has lasted well, we must not 
assume that it will do so in our own damp climate. We are 
convinced that therd is no more durable material than well-burnt 
firc-olay, and if a rod colour is necessary it should be obtained 
by mixing colouring matter with the clay. White terra-cotta 
forms an excellent dressing for a rod brick building, and appears 
to bo structurally the true method of decorating it. Terra- 
cotta and stoTio-work should never be used togetiier, and red 
torm-cotta should not be used with a white brick building. 
Terra-cotta can, if it is required, be made to take a coloured 
enamel-glozo, and it is then known as “della robbia” wore, or, 
in a humbler form, as glazed bricks, which are now made in 
varions colours by several manufacturers in the neighbourhood 
of Leeds. Lastly, terra-cotta is admirably suited for receiving 
a glaze, technically known as “ salt glaze,” and olay in this 
j form is weU known to ns in the shape of the numberless kinds 
' of so-called “ sanitary goods.” *rhis glaze is produced by 
j throwing on the fires at the end of the “firing up” a few 
handfuls of salt, which is decomposed on the surface of tho hot 
ware in the kiln, and forms a glase of silicato of soda with the 
evolntian of hydrochloric add* 
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OBJECT DRAWING.— IV. 

Fio. 21.— This is a triangular prism, the end of whioh ie 
parallel to the piotore-plane. 

The end, whioh in this instance is an equilateral triangle, is 
to be drawn first ; and from its angles, a, 6, c, lines are to be 


oo^g the iH^dionlM / fa * Dnw a' s' *nd e- b', whioh 
will complete the triangle. 

Prom the homontal/,'. At / erootaperpendionlai, 
and from c draw a horisontal intersecting this perpendicular in 
^ ^ ^ complete the object. 

jt A * 1 . A # • ui. XU 1 - - j li At 1 1 At group forming Fig. 24 consists of a cube standing on 

drawn to the ^int of sight ; the line d e wiU then complete the two square slabs whioh form steps around it the cube 
lower side of the prism. covered by a pyramid. wing 

At ^5 ^a^L“ Wgle forming Draw the rectangle abdc representing the vertical edge of 

the^^tatit wd of the prism ; and knowing that this triangle is the lower slab. From c and d draw lines to the point of siirht 
equilatei^ havmg merely been moved backward from the fore- j and complete the view in the manner with which the student 
ground, but the direction of its plane not having been changed, j will now have become acquainted. 

it would be easy to draw an equilateral triangle on d e without i Now the lower slab forms a step around the second one eoual 
wy f^er trouble ; but this would not teach the principle of in width to its height ; therefore, having drawn diagonals in the 
drawing the figure if the triangle were not equilateral ; and it upper surface of the slab, sot off c e and d f equal to a c and 
is, toerefore, desirable to proceed in the method from whioh from e and/ draw lines to the point of sight, cutting the diago- 
Bu^ instruction is to bo derived. nals in h and two distant points, as shown in Pig. 2 (page 41 

From c draw the perpendicular c/, and from / draw a line to The quadrilateral formed by joining these points will be the 
the point of sight, whioh will pass through d e in g. At g draw ! plan of the second slab. 


perpendicular, to correspond with that drawn on /. From 
e draw a line to the point of sight, meeting the perpendicular 
p in From h draw h d and h c, whioh will complete the view. 

Fig. 22 is made up of throe 
models of equal size, and forms a 

simple doorway at right angles to Pig. 

the plane of the picture. 

This is another application of 
the models used in the previous 


At g and h erect, perpendiculars, which, as the second slab 
stands a little back from the picture-plane, will be drawn 
rather shorter than a c. Draw a horizontal lino for the edge, 
and complete the object as before. 

Set off, on the edge of this slab, 
the width which it projects beyond 
the cube, whioh, as in the previous 
case, is the same as the height of 
the slab. Di*aw lines to the point 



Fig. 21 


lesson. Draw, in the first place, the side of the one upright 
W'hich is parallel to the spectator — viz., ahcd. From h and c 
draw lines to the x'^i^t of sight, and erect the poriiendioular / g. 
Draw a line from d to the point of sight, and from g draw a line 
parallel to c d, which will oonqilete the view of this part of the 
model, rendered as a mere slab'. Now draw the perpendiculars 
h and i, and from a draw a line to the point of sight. From i 
draw a line (i j) parallel to a 6, and at j erect a perpendicular. 
This will give the inner side of the distant upright. Now pro- 
duce the line c p until it projects sufficiently beyond the per- 
pendiculars, bearing in mind that as all lengths are diminiiihed 
by distance, the length from g to k must be less than c to 1, 
although these would be equal in the model. Then draw the 
rectangle I m n o, representing the end of the horizontal block. 
From 0 draw a Hno to the point of sight. At k draw a per- 
pendicular, which will give p, the point at whioh the distant 
horizontal is to be drawn. Now from n draw a line to the 
j>oint of sight, cutting the horizontal in q, and the object will 
thus be completed. 

Fig. 23 is another triangular prism. 

In commencing this figure, sketch the plan a' b' d* s', remem- 
bering that a' b , which represents the base of the end, being 
now at right angles to the picture, will converge to the point of 
sight. Between a/ and b^ set off the point Z’, making of f slightly 
longer than f h\ and at / erect a x>orpendieular. Erect another 
pe(rpendi<mlar at a', and mark on it a", equal to the real height 
of the triangle. From draw a line to the point of sight, 


of sight, cutting the diagonals, and this will give the plan of 
the cube and pyramid, whioh may now be completed in the 
manner shown in the figure. 

The object which is shown in Fig. 25 is the one which has 
already been drawn in another position in Fig. 22. The front 
elevation is now xmrallol to the picture. This view is so ex- 
tremely simple that the student may fairly be expected to draw 
it without further instructions. 

In the previous lessons the objects have been so placed, that 
their front and back surfaoeB have been parallel to the picture. 

Under such circumstances, the sides alluded to retain tlieir 
original sherpe, however much they may bo diminished in size by 
being moved into the distance. 

This has been exemplified in page 182, in which the front of 
the cube in Fig. 13 is a square like that of Fig. 11, but reduced 
in size, in consequence of its being placed back in the picture ; 
and similarly, the side of the distant upright in Fig. 22 i.^ 
similar in shape to the side a 6, but is diminished for the same 
reason. 

It now becomes nooessary to consider the method of drawing 
objects when their sides are placed at different angles to the 
pioture-plane. 

In order that the student may fully comprehend the exact 
difference between the positions of the objects now to be con- 
sidered, his attention is oalled to Figs. 26 and 27 in the fol- 
lowing pages. 

Fig. 26 is the plan of a oube, placed so that its front and back 
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are parallel to the piotore, wbioh ia euppoeed to stand on the 
line A B. This position has already been explained in relerenoe 
to Fig. 1 (page 4), and seyeral sa(^ snbjeots haye been subse- 
qnentiy worl^ out. 

Fig. 27 shows the plan of the same objeot when placed so that 
neither ii^e is parallel to the piotore-plane, ▲ b; only the angle 
a is really in the foreground, the other surfaces reo^ng from 
it. In ^6 present plan it will be seen that the objeot is placed 
at equal angles-^that is, the side standing onab recedes at the 
same angle as does the side standing mac, and it will be seen 
from the plan that the side « d is parallel to a 6, and b d to a c. 

We will now proceed to draw the cube so placed. 

Let a e (Fig. 28), be the yertioal edge of the cube which is 


practice will enable the student to judge of the amount of 
inclination required, and to sketch the objeot with tolerable 
correctness. The rules for finding the exact position of tiie 
yanis^g-points, etc., do not fall within the proyince of these 
lessons, hut are fully treated of and practically worked out in 
the lessons in ** Practical Perspeotiye.*' 

The student must use his judgment, too, in determining the 
positions of the perpendiculars b V axid d d\ bearing in mind 
that the width of the sides will yary according as the object is 
moyed to the right or left, and that both sides will be the same 
when the object is placed immediately opposite the eye. 

The following principle will now be found us^ul to the 
student : — 



nearest to the spectator, and resting on the point a in the plan. 
Now wo know that the edge a d in the plan and the corre- 
sponding edge of the top of the cube are horizontal; but we 
haye seen that horixontal lines when not parallel to the picture 
conyerge to a point in the distance— that point being the point 
of sight when the lines in the objeot are at right angles to the 
picture ; but the line a d and the corresponding edge of the 
upper surface, e d\ are, as has been shown by the plan, not at 
right angles to the picture, and therefore they conyerge {not to 
the point of sight, but) to a i^int in the horisontal line called 
the vanishing-point. The lines a 6 and e b* converge in a 
similar manner to a point on the left side. 

Care must be taken that these lines are not drawn up too 
Dbliquely, which makes the sketch appear as if the objeot were 
tilM up from the back. It must be understood that the 
vanishing-points need not necessarily be on the paper, nor need 
ike UnoL be drawn entirely to them. A litt^ observation and 


All lines which in the object are parallel to each other, vanish 
in the acme point. 

Now it ^ already been shown in the plan that 6 d is 
parallel to a c, and that c d ia parallel to a &. 

Therefore, according to the above principle, draw a line from 
e to the right-hand vanishing-point yf^, to which a d and b c 
have already been drawn ; and from e draw a line to yf^, to 
which the lines a b and d c converge. The objeot being drawn 
as if transparent, it will be seen that the same rule ia carried 
out in relation to the distant lines of the base of the cube. 

Fig. 29 is a view of the same cube when placed above the 
level of the eye of the spectator, and the lines therefore run 
donm to the vanishing-points on the horisontal line. 

Fig. 30 is an upright block which, being higher than the 
spectator, passes a^ve the horisontal line ; and thus, although 
^e lines from the nearest angle at the bottom are drawn 
upward, those from the top incline downwards. 
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OPTICAL INSTRUMENTS.~IX 

BY SAMUEL HiaHLEY, F.Q.S., BTC. 

SPECTACLE-FEAMES {continued) . 

1 SHALL now proceed to describe and figure the v^ous forms 
of spectacle-frames ; but before entering on a detailed descrip- 
tion of these, I may rdmind the reader that at page 112 of | 
Vol. I. of The Tbch- 
MicAL Educator I 
hare described and 
figured (Figs. 4, 5) 
two forms of ‘‘pro- 
tectors ” used for 
shielding the eyes * 
from dust or glare 

of light, about which Pi^r. 27. 

it bo unnecos- ^ 

eary to say anything / 

further here. | I 

Hand Reading- imiiiii^Miniy 

glasses are large con- liTiraiBiB 

vex lenses, of various i j 

eijwa, mounted in oir- 

«alar metal frames, If U g 

fitted to ebony or M S 

ivory handles. These Fig. li>. 

glasses are somotimos ^.fiSinil 
cut into an oblong yr 

shape to reduce their I \ /7 ^ 

weight. Such glasses / 1 jy 1 

are often used when I j J 1 

the sight begins to \ /I / 

dim, for reading \ y \ J 

small print by lamp- ^ 

light. Even with 
glasses of large dia- 
meter, it will be 
noticed, as a rule, 

only one eye is om- ^ 

ployed; but os per- 
sons usually read 

with the greatest f \ B » 

comfort when the I 1 ^ W 

glass is held at such ^ B 

a distance from eye ^ 

and object that the v 00 V ^ 

rays proceed in a Fig. 21. 

parallel direction, not 
much mischief ac- 
crues. Novorthelesa, - 

their proper office is 
for magnifying small ' 
objects of art, natural 
history, etc. 

Eye-glasses are 
single lenses, which 
maybe simply drilled, 
as in Fig. 17, or 
mounted in light rims ' 
of horn, tortoiseshell, 
steel, gold, or plate I 
metal, as in Figs. 1 8. 

19, to suit the tast** 
or pocket of the i>ur- 
chaser, and are sirs- 
pended from the nock 
by a plaited silken 
cord, or they may be fitted with a universal joint, on a stem 
that can bo screwed and clamped on to the front of a hat, 
08 shown in Fig. 20, to meet the requirements of shooting 
and riding. The occasional use of single glasses on distant 
objects can do no harm to the eye ; but their constant use on 
near objects tends to alter the focus of the eye thus armed with 
extra power (which eye is usually the one on the right side) ; 
while, moreover, the other eye tends to deteriorate from want 
of use, and may become amblyopic. When the necessity for 
optical assistance is really felt, it is preferable at once to adopt 
double eye-glasses or spectacles. 

♦40— N.E. 


Fig. nA 


Eig. 21. 


Fig. 23. 



Fig. 29. 


Fig- SO. 


Dr. W. C. Wells, in his work on ** Vision,” quotes the expe- 
rience of the late eminent optician, George Adams : — “ The 
fact is this, that he does not know a ^lort-sighted person 
who has had occasion to increase the depth of Ms glasses if 
he began to use thorn in the form of spectacles; whereas he 
can reooUect several instances where those have been obliged 
I to change their concave glasses repeatedly for others of higher 

powers who had been 
- I accustomed to apply 

1 ^ them to ojw eye only.” 

\ Usually it is my- 

^ ■ ■w iMy opios (and pretended 

25. myoplcs) who take to 

single eye - glasses. 
Every-day experience 
I — H||H teaches ns tliat ob- 

joots appear oon- 

\ Y \ PjV siderably clearer and 

1 I I brighter when soon 

i \ J. ^th both eyes than 

H they do when seen 

w Fig. 22. J ^th one only. 

Hand-folders are 
glasses so mounted 
. in horn, toTtoisoshell, 
18.0 metal frames that 

they close over each 
other, as shown in 
/ \ Figs. 21, 22, 23, 24, 

/ Y and so occupy less 

I I space than speotaolos, 

I / and are very oonve- 

V J nieutly carried in a 

jf waistcoat pocket. 

^^iiM 11 ^^ The French term 

these iiinccs-nex, as 
they pinch the nose 
either by the folding 
joint, as shown in 
Pig. 22, or by the 
action of a steel 
spring that unites 
the lonsoB by hingo- 
joints, as shown in 
Fig. 24. 

All elegant form of 

^ the double eye-glass, 

ospooially suitod for 
ladies, is the lorgntm 
(Fig. 25), usually, but 
I f X erroneously, called 

f J 1 I ^ lorgnette^ whmh 

I tona the French apply 

to an opera -glass. 
Fig. 24. large 

The objection to 
all such frames is 
that it is mere hap- 
haxard whether the 
lenses are centered 
with the axes of the 
eyes of the wearer, or 
ore held parallel to 
the eyes, so that the 
strain and irritation 
that may be sot up 

in the organ of vision counterbalance the advantages derived 
from their apparent convenient form. 

Spectacle J^ames. — The usual form of oval-fronted frames 
with single sides is shown in Fig. 26, and^ tho^ “tum-pin 
frames,” with double sides working on a pivot, in Pig. 27. 

Invisible Fleafil)le Frames are made with very light wire 
sides, curved to fit behind the oars, and the fronts, instead of 
being made with ritns into which the lenses fit, are buried in 
grooves out in the flat edges of the glasses. This form (shown 
in Fig. 28) is much affected by clergymen, and is one well 
suited for the short-sighted when walking or riding. 



Fig. 24. 



Fig. 26. 
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Pantoscopic Fran, eg aro made with tho rims flattened at the 
tops, as shown in Figr« 29, and set obliquely to tho eye, so as 
to bo in tho beat position for tho long-sighted to look upon near 
work, while it enables them to gaze upon distant objects UU' 
obstructedly. 

Divided Hpcdaclca are made with ** round-eye fronts,’* and 
two lenses of different focus aro neatly cut across their centres, 
and then carefully adjusted in their frames, so that tho halves 
of long focal length ore in the upper, and the halves of shorter 
focal length in the lower segment. Such glasses have been 
found very useful to artists who have to look rapidly from the 
distant object to the near canvas on which they aro depicting 
it. Both Sir Joshua Beynolds and Benjamin West employed such 
spectacles, which are certainly preferable to the clumsy and 
heavy arrangement where two pairs of glasses were made to 
turn in combination or separate, by means of a hinged joint. 
The divided spectacle is shown in Fig. 30. Benjamin West 
lor many years wore such an arrangement, with the upper halves 
of 30 inches and tho lower of 12 inches focus ; but some years 
before his death, which was at the age of ninety, the lower 
halves wore changed to a focus of 8 inches. His glasses wore 
li inches in diameter. The philosopher Franklin was slightly 
myopic, and had little power of accommodation, and for looking at 
a distance he had need of negative, for seeing near objects he had 
need of positive glasses. Ho therefore devised a pair of divided 
spectoolos, and combined the two halves so that tho concave occu- 
pied the upiier and tho convex the lower portion of tho frame, and 
thus provided very well for his want of accommodative power. 
Such spcctaoloB have been called “Franklin’s glasses. “ Of 
late years the French have combined in one lens, what Franklin 
attained by cutting and combining two lenses, by grinding the 
upper and lower halves of different foci, so that, according to an 
oculist’s order, opticians can supply lenses of different positive 
or negative focus in tho two halves, or positivo focus above and 
negative below of any given foci. Such lenses aro termed 
**ecrref d double foyei'/* 

It is indispensable that these should be aoourately adjusted 
at tho proper lieight before tho eyes, so that in looking at a 
distance tho rays may fall upon the upper, and in looking at 
near objects through tho lower part of the organ of vision. 
Tho pupils must not be opposite tho line that inkersoctw the 
upper and lower lens, or confusion of vision will result. The 
proper set of tho frames, in ascertaining this point, must bo 
dcftcrmined more by moving tho eyes than by moving tho head. 

While speaking of spectacles used for near and distant objects, 
I may note tho necessity for checking tho foolish practice of | 
some long-sighted people, who, while wearing convex glasses 
suited for viewing near objects, also employ them for viewing 
distant objects. As such improper use of spectacles will bring 
about loss of tho accommodativo power of tho eyes, they 
should remove them when looking at distant objects, or adopt 
the pantoscopic form. When speaking of spectacles for eyes of 
difteront fooi (Vol. I., page 355), 1 ^uve tlio practice of Ponders, 
also followed by many other ooulistH, which is founded on the 
belief that if in such oases we supply lenses of different foci to suit 
each eye, though wo make tho range of accommodation for each 
eye more equal, the magnitude of the images in each would be 
unequal, and the result unsatisfactory. 

It is curious that so groat an authority on the optics of the 
eye should have arrived at such a oonolusion, for it has been 
experimentally demonstrated by Mr. Charles Heisoh, of the 
Middlesex Hospital, by an instrument specially construettid for 
tho purpose, that if a patient, having eyes of different fociy be 
accurately fitted with glasses of different foci, exactly suited for 
each eye, then tho two images may bo made of equal magnitude, 
but tho converse will result if glasses of equal foci bo employed 
for each eye. 

When the difference is slight this method of treatment may 
be disreganlod, if accommodation bo good ; but oven with such 
a differenoe, say, of a focus of 14 inches for one eye and 12 
inches for the other, much good results from suiting both eyes 
properly, according to tho dictates of optical laws. 

Spoctaolo glasses must be kept clean and bright, and should 
bo wiped wdth tho softest and cleanest of wash-leather, or fine 
soft tissue paper. Wlien not in use tho frames should be kept 
in well-shapod spoctaolo-casoa, to guard as much as possible 
against tho lenses being scratched. Should they bo thus in- 
jurod cr otherwise dimmed they should be changed immediately. 


.When reading or working by night the light idionld fall on the 
object, while the eyes are shaded, and a glaring, flickering, or 
unsteady flame should be carefully avoided. 

In concluding this long series of articles on tho human eye 
and the optical treatment of its defects, I have endeavoured to 
give a careful digest of modern praotioe, especially of that fol- 
lowed by German oculists, to whom vre\ao indebted for many 
methodical investigations. 


ELECTRICAL ENGINE ERING.—XX. 

BT EDWARD A. o'kBEFFE, B.E., A.S.T.E., 

Demonstrator in Eleotrioal Engineering, City and Guilds of London 
Technioal College, Finsbaxy. 

MEASUBEMENT OP RESISTANCE BY THE BIFPEEBNTIAL 
QALVANOMETEE. 

BY THE WHEATSTONE BBIDOB. 

The method of measuring resistances by means of the dif- 
ferential galvanometer, follows as a simple application of tho 
laws of divided oirouits explained in tho last chapter. When a 
circuit consists of two resistances joined in parallel, any cur- 
rent flowing throngh such a circuit splits into two portions 
whoso strengths depend upon the resistances through which 
they flow ; if the resistances are equal the currents will also bo 
equal. Let Fig. 45 represent such a circuit, consisting of two 
resistances A and b, joined at the points p and q. The current 



Fig 45.— CIRCUIT OF TWO RESISTANCES. 


divides at tho point P, a portion, c, flows throngh the resistanoo 
A, the remainder c' flows through b, the two portions finally 
uniting at tho point Q. Let A be the unknowrn rosistanoo 
which it is desired to measure, and let b represent an adjust- 
able resistance-box similar to that described in Chap. XIX. 
(Fig. 42). If tho plugs in this box be removed till the current 
flowing through it is equal to that flowing throngh A, the re- 
sistance unplugged iu b must then of necessity be equal to that 
in A. All that is necessary then in order to find when the re- 
sistance B is equal to A, is some means of finding when the 
current c is equal to c'. This might be done by breaking the 
oirouit B, and inserting in circuit a an ordinary galvanometer 
to measure tho ourront o ; then breaking circuit A, Inserting 
tho same galvanometer in circuit b, and adjusting the resist- 
ance iu tho box till the current c* was equal to c ; the resistance 
in B would then bo equal to tho resistance A. Or, better still, 
it might bo done by inserting two galvanometers of equal re- 
sistance, one in each oirouit, and adjusting the box B till the 
currents in tho two circuits wore equal. This is, in fact, what 
is done by means of tho differential galvanometer. 

The differential galvanometer contains two coils of exactly 
equal resistance, which have exactly equal magnetio effects on 
tho needle. These coils may be wound on separate bobbins, 
but it is usual to wind them both on the same bobbin side by 
side. It is oonstrnotod by taking two double silk-ooverod 
wires of the, same material and same gauge, which aro then 
wound sido by side on a bobbin of the required dimensions. 
Before tho winding has been completed, the coils are measured 
and cut so os to have exactly tho same resistance, after which 
the winding is temporarily completed. A current is now 
passed in series through the two coils so that their magnetic 
effects oil the needle oppose each other. If the two coils are 
symmetrically situated with respect to the needle, these mag- 
netio effects would neutralise each other, and the needle would 
remain at rest, but it is usually found tliat the needle does 
move, and that, therefore, one coil has a greater effect on it 
than tho other. A few turns of this coil are then unwound, 
and the test repeated till the needle is found to remain at rest 
when any current is passing in the coils. The wire which has 
been unwound from tho coil must on no account be oat off, as 
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the eqnality of reaittiuioe of the two coils wonld then be de- 
stroyed, but must be curled up and placed in the base of the 
instrument where it will have no effect on the needle. The 
ends of the coils are then soldered to terminals at the base of 
the instrument, and a final fine adjustment should be made by 
means of the lerelling screws. By adjusting those screws the 
needle may be made to approach or recede from certain portions 
of the bobbin (or bobbins), where one coil has more effect on it 
than the other (a current still being passed through the two 
coils in series). When the position has been found in which the 
effects of the two coils on the needle neutralise each other, a 
spirit-level should then be fixed to the instrument so as to 
show on any subsequent occasion when it is properly ad- 
justed. 

Returning to the case illustrated in Fig. 45, instead of using 
two galvanometers to measure the two currents o and if 
these two currents wore passed one through each coil of '^e 
differential galvanometer, it is clear that if one current were 
stronger than the other the needle wonld bo deflected, but that 
if they were equal the needle would remain at rest. l"he re- 
sistance B could then bo adjusted till the needle showed no 
deflection, at which time the resistance B would be equal to A. 

This is a convenient and an accurate method of measuring 
a resistance, and possesses the advantage of being a zero 
method, i.s., it is not necessary to read the deflection of any 
needle, the resistance being adjusted till no deflection is ob- 
tained. It possesses the disadvantage that the resistance box 
B may not be sufficiently finely subdivided to admit of no deflec- 
tion being obtained on the galvanometer. When this occurs a 
reading must be taken on the scale at each aide of zero as 
follows : — If a resistance b makes the needle deflect to one side 
of zero by an amount equal to a degrees, and if a resistance of 
B + 1 makes it deflect to the other side of zero by an amount 
equal to b degrees, then clearly the true resistance which 
would make the needle remain at rest lies between b and 
B-f 1. 

Its true value is approximately B 4- 

a • 

In order to obtain the greatest accuracy with the differential 
galvanometer, the resistance of each of its coils should be 
about one-third of the resistance which it is designed to 
measure. 

WHEATSTONE BBIDOE. 

In order clearly to grasp the working of this method, it 
will be of advantage to see what happens when water flows 
through two branched channels, which are connected by a 
third. 

Fig. 46 illustrates the case in which water under pressure is 
forced in the directions of the arrows through the two pipes 
abc and adc. The original stream which divides at a is 
united at c, but while divided it is in two streams of equal 
volume. The condition of the water in the pipe bd ia the 



important part of this investigation. It is clear that the pres- 
sure at the points b and d is the same, and therefore there is 
»io more tendency of the water to flow from b to d than from d 
uo b. The consequence is that though the pipe is full of 
vater, there is no current, and if an instrument were placed 
lu this pipe capable of indicating the rate of flow of the cur- 
rent of water, it would remain at rest. A similar state of 
things exists in Fig. 47, though the water is not equally 
divided between the two pipes, llie pressure at b is still the 
same 08 at d, and consequently no current flows in the cross 


pipe. In Fig. 48 this state of things is altered ; the pressure 
at d IS now greater than that at 6, and consequently a current 
18 forced through the pipe from d to 6, which might be mea- 
sored by an instrument placed there. If the point b were 
moved up towards o, it is clear that at some intermediate place 
a pressure equal to that at d would be found, and if that point 




and d were joined by a pipe, no water would flow through it. 
These three oases are all analogous to the condition of baJanoe 
in the Wheatstone bridge. 

In the diagram. Fig. 49, b is the battery which supplies the 
E.M.F., or pressure to drive the current through the resistances 
pqr and s, as indicated by the arrows. In the branch joining 
2 and 3 is placed a galvanometer y, which measures any current 
I which may flow between 


it 



Fig. 49.~l)IAaUAM OF THF. WHEATSTONE BUIDQE. 

The E.M.F. falls uniformly along the two resistances from 
1 to 4 as the pressure foil in the case of the water, and there- 
fore corresponding to the e.m.f. at 3, there is a point in the 
I other branch with the same e.m.f. Let it be at 2. If the 
! points 2 and 8 are now joined by a wire capable of carrjing a 
I current, no current will flow, since the same e.m.f. is exerted 
; at both points. A galvanometer placed in this circuit will 
I therefor^ show that no current is flowing in that portion of the 
' circuit. Such a state of affairs is spoken of as a balance, it 
may easily be shown from Ohm’s law that when a balance is 
obtained jp x s=:q x r. 



THE TECHNICAL EDUCATOR. 


The roeietaBoe r is the unknown resistance which it is re- 
quired to measure ; p and q are called the ralio coils on the 
bridge, and can usually ho made either 10, 100, or 1,000, while 
the resistance s can be made anything from 1 to 10,000 ohms. 
If p bo made equal to q, then when » is adjusted till balance is 
obtained s — r. By making 10 and q = 1,000, resistances 
as low OH 01 can bo measured, and by making !>= 1,000 and 
q = 10, resistances as high as 1,000,000 can be measured ; so 
that the bridge will measure any resistance between *01 and 
1,000,000 ohms. The ordinary commercial form of the bridge 
lian alrca<ly been illustrated in Fig. 42. 

'J’ho best resistance to give the galvanometer for measuring 
any i)articular resistance is 

- _ (P + 9) (i' + fi) 

There are two keys used, one in the battery circuit and one 
in tlio galvanometer circuit, and in making a test it should 
always be remembered that the battery key should be depressed 
before completing the galvanometer circuit. 

If this procaniion is not attended to, the galvanometer may 
tOiow a momentary deflection at the instant of completing the 
battery circuit duo to induction, even though the conditions of 
balance may bo fully satisfied. 


lUlAOTICAL rERSPECTIVE.—Xri. 

\Vk now continue the subject that was commenced in the last 
loason, repeating the entire illustration to save students the 
trouble of reference. 

Fig. 58 is a view of the same prism when the triangular end 
is at right angles, and consequently the edges of the prism are 
parallel to the plane of the picture. 

Having fixed the position of the point A, draw a line from A 
to the centre of the picture. 

From A sot off a m, c<iual to tlie btiso of the triangle, and 
from B drjiw a lino to the point of distance, cutting the line A c 
in b'. 

A u' will represent the perapootivo appoaranoe of the base of 
the triangle. 

kVom A or n mark off f, the middle point between A and b, 
and from f draw a line to the point of distance, cutting the 
lino A u' in f'. 

At f' (!roet a i)orpondioular. 

Now it will bo clear that the apex of the triangle will bo 
'situated upon this line, and the next step must bo to dotormino 
its oxaot position. 

At A oro<5t a perpendicular, and mark on it the real altitude 
of the triangle (whether equilateral or otherwise) A o'. 

3*>om o' draw a lino to tlie centre of the picture, cutting the 
porpendioular f' in which point will be the apex required. 

*Toin A o" and b' c'^, which will complete the perspective view 
of the end of the prism at right angles to the plane of the 
pietiiro. 

Wo now proceed to project the prism itself, the length of 
wlii(!h is parallel to the plane of the picture. 

l*’rt)m A sot off A D, the real length of the prism, and from d 
- draw a lino to the centre of the picture. 

PVom n' draw a lino parallel to A i), catting the lino drawn 
from 1 ) to the centre of the picture in the point k. 

A D K b' will then bo tlie perspective view of the plan of the 
prism in this position. 

From F' draw a horizontal lino, cutting t> s in o, and at o 
erect a perpendicular. 

From o" draw a horizonta.!, cutting the perpendicular in H. 

Draw B H and k h, which will complete the figure. 

Lot ns next consider the objtM t when standing on its tri- 
angular end, in which position, of course, all the edges of the 
prism will be vertical (Fig. 50). 

We will in this elomoutary study suppose the object to stand 
at equal angles — that is, in such a manner that the sido-s facing 
the spectator i^oodo equally from the pioture-plane, in whioh 
.case the third aide, A b' k i), which in both the previous figures 
formed the plan, will bo upright, and parallol to the plane of the 
picture. 

Now the student who has followed the lessons thus far will 
know tliat for the proieotion of objects in angular porspootivo 


it is necessary, in the first case, to find the station-point, the 
vanishing and measuring points, and he will, no doubt, remember 
that the distance of the station-point from the centre of the 
picture is equal to that of the points of distance, and therefore, 
a perpendicular having been drown at c, the diatauoe c pd set 
off upon it from c will give s, the point of station. 

At 8 draw a horizontal line, and construct the angles at 
which the sides of the object recede from the picture. In the 
present ease it will be clear that as the sides of the objeot itself 
are at 60° to each other, and as the prism is to be placed at 
equal angles, there will be throe angles of 60° each meeting at 8. 

Prodnoe the sides of the middle angle of these three until 
they meet the horizontal line, and thus give the vauishing- 
! jioints. 

I It will bo remembered that, to find the measuring-points, the 
! length from the vanishing-points to the station-point is set oft 
on the horizontal lino, and when this is done in the present in- 
stance it will bo seen that the measuring-points become coin- 
cident with the vanishing-points, since the figure contained by 
^ the two vanishing-points and the station-point is an equilateral 
; triangle. It will, of course, be understood that this could only 
I occur when the objeot is placed at equal angles. 

Having, then, found the necessary points, and having fixed 
the position of the nearest angle of the object at c', draw lines 
from this point to the vanishing-points. 

From c' set off on the pioturo-line c' A and o' B, equal to the 
real side of the equilateral triangle ; und from A and b draw 
lines to the measuring-points, cutting the lines drawn from c' to 
the vanishing-points in a' and b'. 

Join a' b' by a lino which, if the work be correctly done thus 
far, will be horizontal ; but this would not bo the case if the 
object did not stand at equal angles. At o' draw o' H, equal to 
the real length of the prism (a » in the two previous figures; ; 
from H draw lities to tlie vanishing-points ; and from a' and b' 
draw porpondioulars, cutting those in D and E. 

Join I) E, whioh will complete the projection; and it will bo 
soon that, as required, the distant sid^ a' b' E D will be parallel 
to the plane of the picture. 

Exercise 46. 

The scale is ^ inch to the foot ; height of spectator, 5 feet; distance, 
18 feet. The subject is a prism, the cud of whioh is an equilateral 
triangle of 4- feet side, aud the length of which is 8 feet. The same 
dimousions and object are used in Exercises 47 and 48. 

Fut into perspective the prism when lying with its end parallel to 
the picture-plane, and at 6 feet within the picture, and 5 feet on the 
left of the spectator. 

Exercise 47. 

Put into perspective the same prism when lying at 9 feet within 
the picture, its edges being parallel to the picture-plane, and its tri- 
angular end being 5 feet on the right of the spectator. 

Exercise 48. 

Put into perspective the same prism when standing on one of its 
triangular ends, one of its long edges being at 2 feet on the right of 
the spectator, and the side of the prism on the right of that edge re- 
I ceding at 50*^ from the picture. 

Exercise 49. 

Give the perspective view of the object when standing at the same 
angles as that of the last exercise, but its nearest edge to be at 5 feet 
on the left of the spectator, and 8 feet within the piotoie. 

Exercise 50. 

Put into perspective the same prism when lying on one of its sides, 
so that its triangular end is vertical, and recedes from the piotore at 
40°, the nearest angle being at 4 feet on the left of the speotator, and 
8 feet within the picture. 

In tho next study the scale we have adopted is I inch to the 
foot, the height of tho spectator being 5 feet, and the distanoo 
16 feet. 

The subject of the study is a pyramid, tho base of whioh is 
an equilateral triangle of 4 feet side, and the height of whioh is 
4 foot. 

In Fig. 60 A B c' is tho plan of this pyramid, from whioh it 
will be seen that it is placed at angles of 50^ and 70^ to the 
piotnre-plano. 

Therefore at tho station-point construct angles of 50® and 
70®, and obtain the vanishing and measuring points in tho 
nsn^ manner. It will bo observed that neither the station- 
point, the first measuring-point, nor the points of distance, are 
shown in this diagram. * 
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In oommenoing off tho pofdtion of tho point A Prom B draw a lino to vp3, onttingr tke perpendicular d in p. 

at 2 fee t on tho right of the epectator, and draw lines from A to Then p is the apex of the pyramid 

tho varishing-points. j Draw A p, b' p, and c' p, and the projection will bo completed. 

From A set off B and c', equal to the length of the sides A b i We now proceed (Fig. 62) to put this object into perspective 
and A in the plan. From these points draw lines to the when placed 3 feet back in the picture. 

measuring-points, cutting tho lines drawn to the vanishing- Let A be tho point at which the angle of tho pyramid would 
points in b' and o'. Join b' and o', and the triangle thus formed be situated if it were in tho foreground. 

will be the general outline of the plan. ' From a draw a line to tho centre of tho piotnro ; from A sot 



It is now necessary to find the centre of this figure, and to do j off a x, representing tho real distance which tho object is to bo 
this we must return to tho plan (Fig. 60). placed backward. 

Draw linos bisecting the angles of the triangle A b c'. These From x draw a lino to tho point of distance (not shown in iho 
will form plans of tho edges of the pyramid, and meeting in tho plate), cutting a c in a', which will bo the required position of 
centre, give tho plan of tho apex. ^ the point ; and through a' draw the movable base-line. 

Produce those linos until they meet the sides of tho triangle j Now from A set off A B and A c', equal to the length of the 
in the points a, b, and c. ' sides ; also, between them, the points a and h. 

Sot off these points between A b' and A c' (Fig. 61) on tho From n and v/ and from a and h draw lines to tho centre of 
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Noxt draw lines from a' and h' to the measuring-points, cutting 
a' b'' and a' in a" and h'\ 

From a" and draw linos to the opposite angles of the plan; 
and tlieso intersecting will give the centre, D. 

From a' draw a line through this centre, meeting the hori- 
zontal lino in vi*3, being the same point to which the corre- 
sponding line in Fig. 61 vanishes, because the planes, standing | 
on thoRO linos in both objects, would be parallel to each other, 
although the one were in the foreground and the other in the 
diHtanco, so long as the angles they make in the picture-plane 
ore the same. 

It now remains to find the lioight. To do this, erect a per- 
pendicular at A, and mark off on it A e, equal to the real height 
of the pyramid. 

At A* erect a perpendicular, and from E draw a line to the 
centre of the picture, cutting this in The height A K is thus 
removed 3 foot backward in a track at right angles to the plane 
of the picture. 

Now on D, the centre of the plan, erect a perpendicular, and 
from E' draw a lino to vp3, cutting it in F, which will give the 
apex of the pyramid. 

Draw a' f, and c"f, which will complete the figure. 

Exercise 51. 

All tlie conditions ns to soalo, height, and distance of the spectator 
being the same os in ilio last plate, 

Put into porspuotivo a pyramid, tho hose of which is an equilateral 
triangle of 5 feet side, tho height being 7 feet, when its nearest angle 
is nt 8 feet on tho left of the spectator, and when one side of the plan 
is st 05° to tho t)iciure. 

Exercise 52. 

Giro the perspective projection of the same object when at a dis- 
tance (at pleasure) on tho right of the spootator, and 8 feet within tho 
))ioture. 

Exercise 53. 

Scale, ^ inch to the foot. Height of spectator, 5 feet; distance, 
15 foot. 

Put Into perspective n pyramid, tho base of which is a Bqvuxre of 
^ foot side, and tho height of whicli is 7 foot, when one angle is in tho 
iromodittte foreground, the sides of the plan receding at 50^ and 40°, 

Exercise 54. 

Sonic, i inch to the foot. Height of spectator, 6 feet ; distance, 
18 feet. 

Tlioro is a cube of 4 feet tide, on which rests n square pyramid, tho 
base of which coincides with the top of tho cube, and the height of 
which' is 5 feet. 

Put this object into perspective when standing at C feet on the right 
of the spectator, and 8 foot within the picture. 


CHEMISTRY APPLIED TO THE ARTS.-~.XII. 

BY OEOROB GLADSTONE, F.C.8. 

ALUM. 

Alum, in a ohemioal sonso, has a wider range of meaning than 
what ia intended in this paper, where we shall confine our atten- 
tion to the alum of oommoroe. This article oonsists of a doable 
sulphate of alumina and potash, or alumina and ammonia, com- 
billed with 12 atoms of water; and is represented by the 
formula KAl,2S04,12Ha0, or NH«A1,2S04,12H,0. 

It is used in tho arts for a variety of purposes, perhaps tho 
most important of which are in dyeing and calico printing. It 
oots there as a mordant, and will bo found frequently men- 
tioned in tho earlier papers of tliis series, which treat of 
those two subjects. It has, however, a variety of other uses. 
The tallow-chandler employs it to liardon his tallow when 
it is too soft. It is used in loathor-drossing ; and tho doctors 
often presoribo it, on acoount of its astringent properties. The 
baker puts it into bread, to prevent tho conversion of the starch 
into dextrine, making tho bread dry and white, but at the same 
time rendering it less nutritious and digestible. 

Tho alum-works in this country ore not very numerous, as 
they oan only be carried on sueoessfuUj upon the vexy spot 
whore the principal ingredients are found. By far tiie most 
important are in the neighbourhood of Whitby and of Glasgow, 
in both whioh plaoos good alum-shales ooour. It takes at 
Whitby about 130 tons of shale to produce one ton of alum ; so 
that even the smallest charge tor cartage of tho rough materiiU 
would be ruinous to the manufacturer. 


The Whitby shales ooour in the Lias formation, and are of 
two varieties. The one contains about 4 per cent, of sulphide 
of iron, 5 per cent, of oarbon, and 19 per cent, of alumina ; the 
other about tho same quantity of the latter, with 8 per cent, of 
each of the other ingredients named. The rest is principally 
silica ; of lime, wliich is very prejudicial to the alum-maker, 
there is only 1 to 2 per cent. 

The Campsie shales, near Glasgow, belong to tho Carbo- 
niferous series of rocks, and vary much more in their com- 
position. What is known as the “top rook “ contains about 
40 per cent, of sulphide of iron, 11 to 12 per cent, of alumina, 
and 29 per cent, of carbon ; the “bottom rock"" about 10 per 
cent., 19 per cent., and 8 per cent, respectively. They do not 
contain more lime than those of Whitby. These two shales are 
used together, as tho “ top rock ” contains an excess of sulphur, 
and tho “bottom rook” an excess of alumina; if used separately 
there would bo a very great waste of materials. 

Tho first step in the manufacture is the roasting of the shale. 
For this purpose a very large open space is required, as immense 
quantities of material have to be operated upon. The Scotch 
shales contain so much carbonaceous matter that they might 
be caloined without tho addition of any fuel — pyrites, or sulphide 
of iron, when exposed to the air and occasionally wetted, 
having a great tendency to spontaneous combustion, as its 
decomposition is attended with much evolution of heat. 
The heaps are commenced, however, by making a row of little 
fires, and covering them with some loose stones or bricks in 
order to form air-passages ; upon the fires are heaped up lumps 
of shale, and as these begin to burn, more is throvm on until 
tho heap forms a long continuous ridge, whioh, when mantled, 
is about 150 feet long, 20 broad at the base, and 15 high. The 
mantling consists of a layer of old material that has already 
been exhausted, which is put all over it to moderate the 
combustion, as without this tho sulphur would be liable to be 
volatilised and lost. It also serves to protect tho heap from 
the changoabloness of the climate, winds, and rain. During the 
prevalence of high winds, it is often nooossary to increase the 
covering, in order to prevent too brisk a combustion, whioh 
sometimes even causes tho sulphide of iron to mix with the 
earthy substances, and run into a kind of slag, when a loss of 
produce is the result. The calcination of the shale requires tliroe 
to twelve months’ time, according to tho weather, including the 
cooling down again after the roasting is over ; thi.s is oifeoted 
by increasing tho mantling, so as to exclude the air altogether. 

At Whitby the heaps aro mado of a diflForent form. They 
are there piled to 80 or 100 feet in height. In order to prevent 
so large a bulk of shale from becoming too hot in the centre, it 
is mixed with some of tho exhausted mine, and carefully watched, 
that tho mantling may bo increased whenever necessary. 

In wot weather little channels are mado round the heaps to 
carry off the water whioh may have drained from them, as it 
generally contains some quantity of sulphate of alumina 
which it has dissolvod out. To keep np a continuous supply of 
roasted ore, the material is not all put into one heap, but is 
divided amongst several, which are commenced in sucoession, so 
that some are in different stages of advancement while what is 
finished is being pat through tho next process. 

During the roasting tho sulphide of iron has been decomposed, 
and tho sulphuric acid liberated has entered into combination 
with the alumina, forming a soluble sulphate whioh has now to 
bo removed from the earthy ingredients of the oaloined shale. 
This is aooomplished by lixiviation with water. 

In the immediate neighbourhood of the caloining ground are 
shallow cisterns of lead or stone, into whioh the roasted shale 
is put, and spread out evenly to a depth of eighteen inches. 
Water is then let in through a series of taps until the shale is 
quite covered, and is allowed to remain for twelve hours ; it 
is then drawn off into tue olarifying cistern, where it is left to 
settle before passing to the evaporating pans. A fresh supply 
of water is lot in upon tho burnt ahalo as before, whioh, in its 
tom, passes into i^e olarifying cistern and the evaporating 
pans ; a third is then introdneod, but by this time the shale is 
nearly exhausted of its solnblo ingredients, and the liquor drawn 
from this washing is usually too weak to bo evaporated down 
with profit, BO it is reserved to wash some fresh materiid. A 
number of these lixiviating cisterns, or “steeps,” are generally 
ranged together, so that tho weak liquor from one can be made 
to servo for tho first washing in another aieep. In the moan- 
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time the exhauited shale is remoyed, and a fresh snpply is 
introduced from the calcining: heap. 

The lye which comes from these woshingfs, after having: 
deposited in the clarifying cistern the earthy particles carried 
oli with the liquid, contains, along with the sulphate of 
alumina, a good deal of sulphate of iron, or green vitriol ; and 
also, at Whitby, sulphate of magnesia, or Epsom salts. As 
both of these articles are of oommorcial value, the making of 
copperas, or green vitroil, and of Epsom salts, forma a part of 
the business of the alum manufacturer. If it is found that 
there is more sulphate of iron than alumina, which is not un- 
frequently the case, it is usual to remove the former ; this can 
be done by crystalliaing it out, oitlior by simple evaporation, or 
by adding at the same time some old iron. If less in quantity, 
the whole is boiled together, with the view of throwing down the 
alum first. The main object of this process is to get rid of the 
largo excess of water, and thus oonoentrate the solution. The 
plan most economical of fuel is found, to bo that of having very 
long fiat troughs, with a furnace at one end and a tall chimney 
at the other, the flue passing over the trough, so that the flames 
from the surface sweep over the surface of the lye in the troughs, 
raising the temperature of the liquid very rapidly, and carrying 
away up the chimney all the vapour of water as fast as it is 
given off from the surface. Troughs built upon this principle, 
and covered with a roof to prevent loss of heat by radiation, 
00 feet in length, 6 wide, and 4 deep, are capable of evaporating 
nearly 5,000 gallons in 24 hours. In those works whore Epsom 
salts are also made this plan of evaporating cannot bo adopted, 
for in that case the sulphate of magnesia would be liable to 
crystallise out, and form a crust on the surface of the lyc, thus 
impeding the further progress of the evaporation. There the 
ffue from the surface is made to pass under the evaporating 
pans, and the heat is communicated through the metal bottom. 
This plan is not so economical of fuel os the other ; and the 
metal at the bottom of the pans is very liable to suffer, much in 
the same, way as boilers do, from the precipitation of some 
sediment. It is found best to use pans lined with lead. 

The boiling of tlm lye is carried on until all the superfluous 
water is driven off, and there is only sufficient left to retain the 
sulphate of alumina in solution, even when it has completely 
cooled down. If it were carried beyond that point, the salt 
would b(?giu to crystallise out, which would necessitate its 
being dissolved again preparatory to the next step of the 
process. 

The concentrated liquor is run from the evaporating cisterns 
into largo tanks, whore it is allowed to become quite cold. 
Here it is that the potassic or ammoniacal salt is added, and, by 
combining with the sulphate of alumina dissolved in the 
liquor, forms the double sulphate, alum, which, being only 
slightly soluble in cold water, is thrown down in crystals. To ! 
make potash alum, either the neutral sulphate or the chloride | 
of potassium can bo used ; the latter article, familiarly known | 

\ “ soap-boilers’ waste,” can readily be had in largo quantities | 
from the soap-works. In making ammonia alum, the refuse 
liquor from giw-works is used, which is converted into the 
^sulphate of ammonia by treating it with sulphuric acid. 

Having ascertained by testing the exact per-centage of 
sulphate of alumina in the tanks, it is a matter of simple 
calculation to arrive at the quantity of either of these salts 
which will combine with it to make the double salt. This is 
dissolved in the smallest possible quantity of hot water added 
gradually to the liquor in the tanks, and the two mixed up 
together by vigorous stirring. As soon as they hare properly 
combined, the alum is deposited in small crystals all round the 
walls and bottom of the tank, which is shovelled up and thrown 
out by the workman. After the mother liquor has drained off, 
the crystals are washed with as small a quantity of cold water 
as possible, to remove any adhering impurities. Some alum is 
necessarily dissolved off at the same time, but that can be again 
recovered, so that it is not wasted. 

Both the parity and size of the crystals of alum can still bo 
considerably improved, and therefore the process does not end 
here. This “ firrtalum.” as it is called, is boiled up with steam 
in a large stone cistern, water when boiling being ablo to dis- 
oolve al^t twenty times as much alum as when cold; it is then 
closed np, and left for about twelve hours to settle. The im- 
purities which may have escaped the last operation having by 
that time found their way to the bottom of the boiler, the alum 


solution is drawn off into cooling tanks, whore, os it cools, the 
alum crystallises out. A very perceptible improvement both in 
the whiteness and the size of the crystals will bo seen at this 
1 stage, but it again passes tyir<mgh a somewhat similar pro- 
I cess, which brings it up to the desired standard. The crystals 
are laid upon perforated shelves in a st-cam-ohest, and again 
j dissolved ; os this proceeds the hot alum-liquor runs down to 
the bottom, and is drawn off through n pipe into the roohing- 
casks, where it is left to cool. The crystals soon cover all the 
sides, and gradually extend inwards towards the centre of the 
casks. Those are then unhooped, and the staves removed, the 
mass of alum being left standing thus for several days to onsuro 
I that the cjrystallisation in the interior is complete. Some holes 
j are then made in the side of the mass, by winch to draw off 
j the mother liquor remaining, and the alum is then ready to bo 
sawn into blocks and sent to market. On the inner side the 
alum is then seen to bo very beautifully crystallised, in large 
ootahodral crystals. 

In the foregoing description wo have considered the ordinary 
processes of preparing alum ; but the iron, which performs an 
importiint function in the first stage, is never entirely got rid of 
in the subsequent operations, the result being that alum contains 
about 01 2 per cent, of iron in the condition of ferric sulphate. 
Even this trace is objectionable in dyeing. An alum absolutely 
free from this impurity is prepared to some extent from 
I cryolite, a mineral principally imported from Greenland, which 
is a double fluoride of alumina and soda (AlBEs-f-SNaF). The 
oryolito is heated with three times its weight of strong 
sulphuric aoid, which reduces it to an anhydrous sulphate of 
alumina and acid sulphate of soda, the hydrofluoric acid being 
given off; the sodium salt is washed out, and the sulphate 
of alumina digested with warm water, to whicdi sulpliate of 
potash is then added. The reaction is then the same as already 
desoribed, and the pure alum crystallises out. 

Some very good alums are made in the volcanic districts on 
the Continent, whore oarihs rich in the most important ingre- 
dients are found, small crystals of native alum oven occurring in 
some places. Some of the Italian alums are highly prized, on 
account of their purity. 

In some countries alum is made with sodium, instead of potas- 
sium or ammonium ; but it is not so oonvoniont for the manu- 
facturer, on account of being much more soluble in cold 
water. 

The chemical constituents of alum are very widely spread in 
Nature ; and at a price it could bo produced in a groat variety 
of ways, and from very different malorials. It is not unlikely 
that some of these may one day bo rendered more generally 
available. Felspar fa very common ingredient of igneous 
rooks) is a double silicate of alumina and potash, and albite 
of alumina and soda ; both these can be converted into alnm 
by replacing the silicic with sulphuric acid. Olay is a silioato 
of alumina, and this also can be made available for the purpose, 
by treating it with sulphuric aoid, and the addition of one of 
the alkalis. 

WEAPONS OF WAR— XI. 

BY AN OFFICER OF THE ROYAL AUTILLBllY. 

EIPLBD 6UNS. 

Wr have already referred to the fact that the superiority of 
rifled guns in point of range and accuracy has been recognised 
by artillerists for a long period, and wo have glanced at some 
of the attempts which have been made to construct pieces able 
to shoot elongated projootilos rotating on their longer axis. 
But these attempts one and all failed, mainly in consoquenoe 
of the book ward state of mechanical and metallurgical scionoe. 
With the general introdnetion of rifled small-arms during the 
Crimean War, however, rifled gnns became actually nooessary, 
in order that artillery might remain, as before, the principal 
arm on the field of battle. 

** Such being the state of the ease, it was indeed fortunate 
for the ^ascendency of artillery that, owing doubtless to the 
spread of railways, suspension bridges, etc. eto., the requisite 
improvement in metallurgy and in meohanical applianoes should 
have opportunely taken plaoe in recent years. It is oitly lately 
that the manufacture of oast steel as a material for rifled 
ordnance has made rapid progress, whilst the diffioultios which 
nsed to attend the forging of wrought iron in large masses were 



TEIE TECHNICAL BDUCATOE. 


■o groat that a heavy anchor waa one of the greatoat achiovo- ' os a gun of the same weight and shape made out of a solid 
ments of the forge-master until the comparatively recent intro- | forging.’* 
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duction of steam-hammers enabled him to forge our modem 
monster guns ; and, thanks to the able mechanicians of the day, 


The first gun that Lord Armstrong brought to the notice of 
the War Office was a breech-loading S-pounder, with poly-grooved 


we have now rifling machines so i>erfeot and easily manipulated ' rifling, and load-coated projectiles — in fact, a type of what is 
that the operator could, if ho pleased, engrave his name in the commonly called the Armstrong gun. It was tried in 1865, at 
bore of a gun, and, withal, so accurate is their action that they I the School of Gunnery, Shooburyness, in Esrox, and made 
work true to less than T,ijoth of an inch, a dimension which can 1 remarkably good practice at long ranges. Heavier guns of the 
now bo very easily measured by moans of a Whitworth’s micro- ) same description were subsequently tried; and having proved 
meter, but which is fifty times too minute to bo a.scertained by their claims to accuracy, strength, and range-power, the exoel- 


tho primitive mea- 
suring instruments 
of the last genera- 
tion (»f meohanios. 

Our limited space 
j)rovents us going 
further into the rea- 
sons why a rifled 
gun should bo made 
of stronger material 



lence of the system 
was acknowledged, 
and the whole se- 
ries of Armstrong 
breech-loaders, from 
the 6-pounder, of 8 
owt., to the 7-inch t 
(100-pounder) of 88 
cwt., including the 
9-pounder and 12- 


and construction than a smooth-bore, beyond stating that the * pounder field-guns, the 20-pounder guns of position, and the 
rifled gun is required to give a spiral motion to an elongated 40-pounder siege-gfuns, was issued for land service, and similar 
projectile about 2^ times heavier than the hall which is simply guns were also distributed through the different olasses of 
projected from the smooth-bore gun of the same calibre (diameter vessels in the navy. 


of boro) ; so that there is a good deal more strain on the former 
dosoriptiou of gun than on the latter. We must say, however. 


All those breech-loaders are made altogether of wrought iron^ 
each gtin consisting of a coiled inner barrel, a forged trunnion- 


that this increased strain could not, as a general rule, be met \ ring, and one or more coils, according to its size ; for example. 


by merely inoroas- 
ing the weight of 
the piece, for it is a 

well-known fact that | 

^ho strength of a H 

■iylindor is not in 
proportion to its 

in the case of a @ 

ponderous gun of a 
too weak material, 

the interior would ^ 

bo ruptured before 

the exterior por- j 

tions could come 

Mr. (now Lonl) -J — 

Armstrong was the ^ ^ 

first in this country 

who brought a system of rifled ordnance to practioal porfootion. 
The principles of his gun-construction consist essentially — 


the 6-pounder has 

j only one coil, whilst 

the 7-iuch has six. 

B ||a J Jj; •' ^ lo*^ded 

Iffi, screw, oallod the 

^ “breech - screw j ’’ 

... .. — the “ vent - piece ’ ’ 

“ slot,” and the 
p, - breoch-Bcrew being 

screwed up by 
moans of the 
“ lever,” the brooch 
is closed, and esoape 
of gae oomplotoly 

prevented by means of copper rings on the face of the vent- 
piece and end of the barrel. The annexed illustration (Fig. 1) 


“ First, in arranging the fibre of the iron in the several parts of a portion of tho 6-pounder will explain the breech arrange- 
so as best to resist the strain to which they are respectively | mont better than a page of description. Tho rifling is “ poly- 
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exposed ; thus tho walls or sides of the gun are oomposed 
of coils with the fibre running round the gun, so as to 
enable tlie gun to boar the transverse strain of the discharge 
without bursting, 
whilst tho breooh 
end is fortified 
against tho longi- 
tudinal strain, or 
tendency to blow 
tho brooch out, by a 
solid forgcwl brooch- 
piooo with the fibre CAS CHANNCL 
running along the 


groove ’ ’ (wo are not responsible for tho etymology of this word) ; 
and tho “ grooves ” and “ lands ” are nearly of the same dimen- 
sions in all the natures, tho only difference being in tho number ; 

thus the 6-poundor 
has 32 grooves (see 
Fig. 2), whilst the 
7-inoh has 76. 

The Armstrong 
breeoh-loading guns 
wore used in active 
service in China, 
New Zealand, and 
Japan, and answered 
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grun. Secondly, in shrinking on the successive parts together remarkably well. Why, then, did muzzle-loaders come into use f* 
with tensions so regulated that each part shall do its due pro- Because it has been proved by experiment that they are equal to- 
portion of work on the ^sehorgo of the piece ; thus tho outer tho breech-loaders in range, rapidity, and precision of fire, and 
coils oontiibnto their fair share to tho strength of tho ipin, ‘ much superior to them in the simplicity of their fittings and 
wheroas in an ordinary homogeneous gun tho inner portions ammunition, as well as in their non-liability to wear. There are, 
reoeive the brunt of the explosion, whilst the exterior ones are no doubt, advantages on the breeoh-loading side, and we think 
hardly affeoted by it at all. ^ ^ the Prussian field-gun, with the Krupp expanding wedge and the- 

“By a oombination of these two principles (which are Broadwoll copper gas-cheok, a simple and efficient bceeoh-loader ^ 
npplicalde alike to breeoh-loadera and muzzle-loaders) a gun but it is difficult to find a system of breeoh-loading that is 
is obtained which may be calculated to be twice as strong simple, sufficiently safe, handy, and durable for heavy gous. 

* This and the succeeding paimgi^hs lu Inverted oommss are t Below 7-inch colibre a rifled gnn la designated by the weight of the 
extracted from papers on the subject published in the Koyal Artillery shot and its own weight ; 7-inoh guns and upwards are desiguated by 
XnaUtutiou Pr>’'roAdiug«, by Captain Stoney, H.A., late Aisristant- thu calibre; and the weight is expressed in owte., ualesa iiii A tone or 
Buperintondout Uoyal Qua Faotorios. upwards, in which case it is ezpretsed in tons. 




WEAPONS OP WAR. 


In short, a breeoh-loading arrangement on a small scale, as in 
revolvers, infantry rifles, etc., is excoe^lingly oonvenient and 
satisfactory, but the difficulty of obtaining perfection of 
mechanism and ease of manipulation increases with the size of 
the weapon; and hence it is that when the introduction of 
armour-plated ships necessitated ordnance of great penetrative 
power, the British artillery authorities, after long and ex- 
haustive experiments, adopted muzzle-loaders, though breech- 
loaders have again been introduced. 

Up to the year 1872 the largest gun in the English service 
was the muzzle-loading rifled gun of 85 tons,* or 700-pounder, 
and the smallest muzzlc-loodlng rifled gun is the steel 7-poundor 
mountain-gun, which was used in Abyssinia, and weighs only 
150 pounds, that is, considerably less than a quarter of the 
weight of the projectile for the 85-ton gun. Indeed, it is absurd 
to see one of the big gnus side by side with one of the little 
guns, and it is no wonder to learn that they are respectively 
spoken of as “ Dignity ” and “ Impudence.” 

Other European nations have adhered to the B.L. system. 
Herr H^rupp, of Essen, the great German steel gun manufacturer, 
exhibited in Paris, in 1867, a breech-loader weighing 60 tons, 
and intended for a 1,000-pounder, but wo believe it has never 
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oharaoter, is capable of checking and couateraoting any 
suddenly disruptive tendency on the part of the steel. 

Up to 1867 all our heavy muzzle-loading guns were built up 
I with many coils, like the breech-loaders, and fired (as they do 
still) projectiles having two studs for each groove, the number 
of grooves increasing with the size of the gun- -the 7-inoh( 
having three grooves, the O-inoh six, and so on. Fig. 3 shows 
a full-size sootion of the muzzle-loading groove. 

” The ‘ Woolwich ’ guns built on this system, and lined witii 
toughened steel, are sound and strong; but from the fine iron 
used, and the great number of exquisitely finished coils and a 
forged breech-piece, their manufacture was very costly ; and as 
it was probable that several heavy guus would be roQuired, the 
War Office pointed out the desirability of procuring some cheaper 
plan. Accordingly, the attention of the Royal Gun Factories 
WM devoted to the question, and their efforts have boon crowned 
with success. First, a cheaper iron, sufficiently strong for the 
exterior of the gun, was obtained; and, secondly, the plan 
which was proposed by Mr. Fraser, the principal exocutivo 
officer of the department, was found to bo less expensive than 
the original one. 

“ Mr. Fraser’s plan is an important modification of Sir W- 



been fired. Russia and one or two other Continental powers ' 
have provided themselves with Krupp’s steel breech-loaders, ' 
from llOO-poundors downwards ; while the remainder have fol- ’ 
lowed our example, and adopted the heavy Armstrong muzzle- 
loaders for their ships and forts. 

The 7-poundor mountain-gun is mode out of one block of oast 
steel, bored out and tempered in oil ; that is, the block of steel, , 
after being roughly bored out for the barrel, is put into a furnace, 
where it is raised to a high heat, and then plunged into an 
adjacent bath of rape oil, in which it is allowed to cool and to 
soak for twenty-four hours. This process not only streng^thens, j 
hardens, and toughens the steel, but also inoroases its elasticity ; i 
and for a small gun the material so treated may be considered 
qtjite safe, and not likely to burst explosively. But a gun alto- I 
gether of steel, even though thus improved, is of too snappish a I 
nature to be trusted to bear the great and sudden shook of large | 
discharges of powder, and so it has been deemed prudent to 
coil the steel round and round with wrought iron, after the ! 
Armstrong fashion ; all our muzzle-loading guns,f therefore | 
are lined with steel (which, from its statical strength and ! 
hardness, is the best material we know of for withstanding 
the strain and friction on a rifled barrel), and have on the 
exterior coiled wrought iron, which, from its pliant and fibrous I 


* Guns of 80 and 100 tons have since been constructed, 
t We have also 0-ponnder field-guns altogether of bronze for servioe 
in India, and some (R-ponnders converted from 82-j>ounder coat-iron I 
smooth-bores, bat these may bo said to bo onoeption^ piooes. 


Armstrong's, from which it differs principally by building up i 
gun with a few long double or trijjlu coils, instead of several 
short single ones and a forged breech -piece. There is less 
material, less labour, and less fine working, and consequently 
loss expense required for the ‘ Fraser ’ or i)re8ent service con- 
struction.” 

For example, in addition to tlie steel barrel and cascabol scrc^ 
(breoch-plug), a 9-inoh gun of the Armstrong or original con- 
struction consists of a forged breech-piece, a B-tube, a trunnion- 
ring, and seven coils — ten distiiiot parts — shrunk on separately 
(Fig. 4) ; whereas a “ Fraser ” gnn has only two, three, four 
parts to bo shrunk on, according to the size of the gun — the 
7-inch and 8-inch having only two extra parts, the 9-inoh throe, 
and the lO-inoh and higher natures four (Fig. 5). 

Prom the fewer parts and the cheaper iron employed, the 
Woolwich guns of the present construotion only cost about £70 
a ton, whereas those built on the original plan cost jBIOO a ton.| 

Without entering into the theory of construction, it must bo 
sufficient to state that specimen guns of this cheap oonstruotioxi 
were tested to destruction, and were proved beyond all doubt 
to be as sound and durable as their original prototypes; and we 
have qo hesitation in asserting that England now possesses 
the simplest, safest, and cheapest system of heavy ordnance in 
existence. 

To give on idea of the way in which our heavy guns are built 
ttp, we will take as the simplest example a 7-inoh gun of 7 tons. 

t A steel guo of Erapp’s or Whitworth's plea ooste about £170 u ten. 
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The gun oonsiats of only four eeparate parts— namely, the 
A-tube, or inner barrel of steel, the casoabel, the B-tube, and the 
broech-coil. 

The stool tube is bored out of solid ingot to within a few 
inches of the end ; it is then toughened in oil, like the 7-pounder 
mountain-gun already described. 

The caseabel is a forged block of wrought iron, with a screw- 
thread cut on it. 

Tho B-tubo in formed by two coils joined together, each coil 
being made of one long bar of wrought iron, brought to a high 
heat, wound spirally round an iron mandrel, and then longitu- 
dinally wedded under a steam-hammer. 

The broe(di-coil is somewhat more complicated ; it consists of 
a triple coil, a trunnion-ring, and a front double coil, all welded 
together. The triple coil is mode by winding three red-hot bars 
of wrought iron succossively over one another, and then, having 
raised the mass to a white heat, welding it like the single coil, 
for the purpose of closing its folds (Figs. (J and 7). 

Tho front c.oil is made of two bars, in a similar manner. Tho 
trunnion-ring cannot bo coiled, owing to the projection of the 
trunnions ; it has, therefore, to be bored and formed out of a 
solid forging of wrought iron. 

In order to join tho three parts of the broooh-coil into one 
solid mass, the trunnion-ring is expanded by heat, and dropped 
on a shoulder cut for it on the triple coil ; tho front coil is next 
dropped into the upper portion of tho trunnion-ring, which is 
illowod to cool and contract, and thus bind the two ooils 
together (Fig. 8). The mass is then heated and welded, and 
linally bored and turned to the proper size and shape (Kg. 9). 

The parts of tho gun being all ready, they are put together in 
this way ; — Tlio steel tube (having been finely turned) is placed 
upright in a pit, and the B-tubc, which is just too small to go 
over it when cold, is heated and expanded, and is then dropped 
down on the chase end of tho steel tube, which it gfrips in 
shrinking as it bocuinos cold (Fig. 10). Tho mass thus formed 
is inverted, and the breech-coil being heated, is shrunk on in a 
similar manner. Finally, tlio casfjabel is scrowod carefully in, 
and thus the gun is completely built up (Fig. 11). 

Some of our early rilled guns were manufactured by Sir 
■William Armstrong and Co., at Elswick, Newcastle-on-Tyno, 
where some cast-iron smooth-bore guns are still “converted” 
for the Government, on Major Pallisor’s ijrinoiple — that is, an 
old smooth-bore, a 82-poundor, for example, is bored out and 
lined with a wrought-iron barrel, and converted into a rifled 
04*poundor j but all our now guns, big and little, are now made 
in tho Boyal Gun Factories at Wcolwich, where 6,000 tons’ 
weight of guns of all calibre.^ caTi bo manufactured in one 
year. It may, however, fix our ideas Ixn.ter to give tho actual 
whiol) wore made during the year 1871. They were 


12-inoh 

, of 35 tons 

(700 poiiiidors) . , 
(53i» „ ) . . 

. 13 

n 


. 19 

10 

IS „ 

(401) ) . . 

. 83 


J- M 

(350 „ ) . . 

. 46 

7 

7 „ 

(115 .. ) . . 

. 28 

7 

.. 

(115 . 

. 30 

64 pouudorN, 

, of (U owt. 


. 35 

40 

:ir> 


. 20 

10 

12 „ 


. 160 


All the above were wrougbt-iron muzzle-loading rifled guns, 
lined with steel. There wore, in addition — 

Brouxo 7-pouuder luuimtiiiu rilled g'uig, of .T cwt. . 15 

32-ponnc1orH, of 6H cwt., converted to Gl-pouuOlers . 100 
0 projectile for tho 35-ton gun (700-poundGr) exceeds tho 
weight <>f all those thrown from tho whole broadside of a 74- 
gun ship in Lord Nelson’s time. So much hastlie power of our 
guns inorcasod since our last great naval battles ! 

PRACTICAL APPLICATION OF THE FINE 
ARTS.— III. 

THE ART OP GLASS PAINTING. 

By P, H. Bxiahotts, Professor of Drowring, King’s College, London. 

THE MANUFACTOUE OF COLOURED OLA88. 

The man^aotnre of glass for coloured windows has improved 
▼ery much of late years^ yet it is confessed by one of the most 
•nooessful of modmnoi manufacturers that he has “ never hitherto 


I been lucky enough to find a single piece of modem glass equal 
for lustre and strength of character to the old manufacture.’* 
It is well that this spirit of humility should possess our manu- 
facturers, and should urge them on to continued exertions after 
still more perfect glass. Yet they have acquired a considerable 
i knowledge and dexterity in their work, and in many respects 
i the results ar^.' as good as can bo hoped for. 
j A great impulse was given some years back to those who 
' supplied the glass-paintei-s with tho materials on which they 
I were to work, by the researches and experiments of the late Mr. 

; C. Winston. He not only procure(i careful chemical analyses of 
1 different kinds of twclfth-ccntury glass, but he searched through 
j tho various records that have been left by old writers of the 
' processes of manufacture. Further than this, ho endeavoured 
i to procure the materials from tho very spots frequented by the 
i workmen of old, and ho employed Messrs. Powell of Whitefriars 
1 to try various experiments for him in the manufacture of different 
I kinds of coloured glass. Some of those experiments were highly 
i successful, and those manufacturers, together with Messrs, 
j Hartley of Sunderland, and W. E. Chance of Birmingham, 

I have profited greatly by the experiments of this amateur, and 
they, especially the latter, have since followed up tho line of 
inquiry here indicated, and arrived at results sufficiently satis- 
factory, which, however, must bo qualified with the reservation 
given above. 

Tho process of manufacture is much the same as that adopted 
for tho various other kinds of glass, such as that used for trans- 
I iiaront windows and for glass vessels; the kilns and wbrking pots 
are the same, and perhaps in this may arise some of the defects 
of the modern glass, for in tho greater part of tho glass required 
now-a-days, the chief object is perfect transparency and homo- 
geneity; whereas in coloured gloss, one of the principal beauties 
is the irregularity arising from air-bubbles and other imporfoo- 
tions. The early manufacturers made use of open pots ; now the 
receptacles for the molten glass are entirely covered in, having 
holes at the side, through which the material can be extracted. 
Tho object of the covering is to keep out all kinds of impurities 
that might be carried into the pots by tho furnace, especially 
gases which would favour tho decomposition of the materials of 
which the glass is composed. Now, no doubt these occasional 
interferences with the manufacture caused tho production of 
j all kinds of irregularities, for Theopbilus especially mentions that 
certain colours are to be obtained by tho chance results of 
lengthy molting : we may conclude, therefore, that tho open pots 
facilitated the production of great varieties, some portions of 
which would probably turn out valuable. 

In another respect this manufacture differs from that of clear 
transparent glass. It was said before that the air-bubbles 
! formed an additional beauty in coloured glass. Paradoxical as 
I this may Roem, it is really so, and the cause of tho anomaly is 
I this, that the air-bubblos “ hold ” tho light; each little globe 
of air catches tho beams as they attempt to pass through it, and 
I refracts them with each change of medium, and in oonsequonce 
; the light which would pass obliquely through the pane is 
diverted in various tracks out of the direct line of the sunshine. 
This causes an appearance of glimmer frequently noticeable in 
ancient glass, and absent in much of modern, observably so in 
German, glass. In order to produce these air-bubblos, tho gloss 
has to be used before it is thoroughly cooked, that is, it is not 
molted so fully or so long as if it were intended to make it 
homogeneous and transparent. The effect of these air-bubbles 
, may be seen on holding two pieces of similarly coloured glass 
' in different positions in tho direct rays of either snn or arti- 
j fioial light. Pieces of glass that seem to possess similar colour 
and brightness when seen against a plain sky, have very different 
effects when catching some of the slanting rays, according to 
the amount of irregularity in the texture of the glass. A 
j variety, too, in the thickness of the pane adds a charm which 
; is very pleasing to the eye, which would become very wearied 
by looking at a flat surface evenly coloured. 

The composition of the glass is the same as that of a common 
glass of rather a soft oharaoter, the main portion of the materials 
' being the same in all oases. This groundwork is usually formed 
of silioa, carbonate of soda, carbonate of potash, carbonate 
of lime, lime, with a trace each of alumina, common salt, 
and sulphate of soda. To this oommon mass is added the 
various colouring matters. These are taken np and dissolved 
in the liquid gliM without bring ohemioaily combined with it. 
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Coloured grlasB, therefore, is a kind of solntion in glass of a 
metallic oxide not in sufficient quantity to make tho glass 
opaque, but enough to give various degrees of colour. Bl^o is 
produced by the addition of oxide of cobalt in various quantities 
and in various degrees of purity. The impure oxide, just as it 
is procured from tho mines in Germany, appears to produce the 
pleasantest tint. Oxide of iron is sometimes added, as well as 
that of manganosG — materials which, in ordinary glass, have the 
property of nearly neutralising one another. A little oxide of 
copper, tin, and lead added to this, deadens tho colour, and 
makes it deeper. It is in tho blue glass, however, that the 
difference of the old glass from the modem is most observable. 
Probably, if the native oxide of oobalt, with all the impurities 
that naturally cling to it, were more frequently used instead of 
the imitation of tho natuml impurities made by the addition of 
other materials to the refined oxide, the old colour oould bo 
reproduced more exactly ; for the ancients, who know nothing 
of exact chemical methods, were apt to make uso of those 
materials which came ready to hand, and which produced tho 
results they required. 

Protoxide of copper (CujO) in very minute quantities, com- 
bined with the iron and manganese as before, produces a bright 
yellow glass. If used in larger proportions, and sometimes 
with protoxide of iron, it furnishes the deep ruby-red, which is 
such a striking and beautiful colour. The secret of tho manu- 
facture of this tint, which is one of the most successful, was for 
a long time lost, but was recovered about tho year 1830, in 
Franco. A larger proportion of iron changes this red into a 
reddish-brown. Impure manganese, containing a considerable 
amount of iron, results in a kind of madder-brown ; whilst a 
much paler glass of something of the same colour is produced 
by a smaller quantity of manganese with red lead instead of 
copper. 

Various shades of green arc produced by combinations of a 
great variety of materials, such as arsenic, nitrate and bichro- 
mate of potash, with the oxide of iron and copper mentionod j 
above. These are the principal colours used at present, j 
Slight variations of quantity in any of the materials change i 
the tint, whilst differences of tliiokneas in the glass itself, or in j 
the proportion of the metal or common material of tho glass, 1 
alter tho tone and depth of colour. 

When the materials have been sufficiently molted, and, as we 
said previously, before they have arrived at a perfectly homo- 
geneous condition, the glass-blower tokos a quantity of the 
metal, weighing some pounds, upon the end of what is toclmically 
called his iron. This iron is a rod or tube of some four or five feet 
in length, with a boro of about ono-eighth of an inch. Tlie lump 
of metal is blown into an oval bubble of some two feet in length, 
and when this is completed, tho end farthest from the iron is 
opened by means of a punt (a solid iron rod, lighter and smaller 
than the iron), so that the glass assumes tho form of a rough 
cylinder, which is now detached, by means of a cold iron, from 
the iron. The cylinder thus made is split down its length in 
tho same manner as it was detached from tho iron, and it is 
thus put on one side to cool. The next process is that of 
annealing, and this is accomplished by means of an air-oven, a 
low arched furnace fitted with iron trays filled with chalk or 
lime. On this lime the partially opened cylinders are placed, 
and when exposed to the heat, they gradually extend thomsolvoa 
until they lie flat upon tho level bed of chalk. Tho metal, after 
the lapse of a few hours, is ready for use. 

When it has arrived at this stage, the glass is usually of 
considerable thickness, frequently as much as a quarter of an 
inch, which is also the measurement of much twelfth-century 
glass; but the commoner sorts, manufactured in the earlier 
portion of tho present century, were scarcely more than a sixth 
of this size. 

Much of the ruby glass, and many of tho brighter tints that 
partake of red, consist of what is called flashed glass. This 
variety is blown as follows : — ^Tbe workman first dips his iron 
into a pot containing colourless, yellow, brown, or other metal, and 
when he has accumulated a sufficient quantity, he just dips the 
mass once entirely into tho ruby metal, thus oWining a coating 
of the red colour over the whole. This is then blown as before 
into a cylinder, which consists of a thick foundation of the 
principal motal with a thin coating of the ruby. This process 
gives a greater opportunity for m^fioation of colour and tint, 
besides admitting of a variety of oolonr by removing the red 
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surface, and either leaving the original glass beneath, or giving 
I this latter a stain. 

j From what has been said above, it will bo seen that some 
considerable amount of judgment is required in choosing tho 
I glass to be used in each particular portion. Those parts which 
I have numerous air-bubbles are usually to be preferred on 
t account of their holding tho light ; uneven pieces, because they 
j are agreeable to the eye ; pieces in which the colour is shaded, 

I beoause it may so suit the design ; thiok glass, because it 
possesses a greater depth and richness of tone. Owing to the 
great impetus our manufacture acquired, partly from tho 
researches of Mr. Winston and others, and partly on account of 
the inoreased demand for stained ghiss in England caused by tho 
I revival of a taste for ecclesiastical architecture, tho English 
1 glass has become espeoially celebrated throughout the Continent, 
so that tho Germans who have long boon celobratod for the 
' brightness of their colouring, and their manufactures in coloured 
; glass, now come to England for the material wherewith to make 
I their windows. Their own glass is found to bo too flat, and 
consequently dull, though so highly coloured. If our manu- 
facturers continue their oonrso of steady perseverance and desire 
to excel, no doubt they will bo able to hold their own against 
tho world, but if they once attempt to pass off inferior glass, 
tho evil will quickly recoil on their own heads. It is not suffi- 
cient merely to put together what appear to bo tho chemical 
ingredients of a particular glass : tho source whence these in- 
1 gredionts come must bo tiarefully observed, and the prooess of 
I manufacture must receive the most patient attention. 
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UY OEOUOE OLADSTONK, F.C.8. 

IKON. 

MANUFACTURE OP PIO-IRON — EXTENT OF TRADF. — BLABT- 

PURNACK8 — DEfiCRllTION — SIZE — CALCINATION OP OBKB. 

The smelting of tho ironstone, by which the metal is separated 
from tho other ingredients with which it is combined and formed 
into pig-iron, is a very large trade of itself ; many ironmasters, 
especially in Scotland, do not undertake any of the subsequent 
' processes to which iron is subjooted in order to render it fit for 
I use in tho arts. Scotch pigs, of which more than 1,000,000 tons 
are made every year, are well known as an article of commerce, 
and are sent to many parts of tho world, just in the state in 
which they come from the blast-furnaoos.> It is estimated that 
the production of pig-iron in the British Isles is just about 
equal to tho entire amount furnished by the rest of the world. 
The yield of the blast-furnaces in the United Kingdom exceeds 
8,000,000 tons annually. 

Pig-iron is very rough in its exterior; within it is of a 
granular or crystalline structure ; and it is usually very brittle. 
It is generally classified according to four qualities — Nos. 1, 2, 
3, and 4 — each having its own particular merits, according to 
the purpose for which it may bo required. 

The present article will bo confined exolusivoly to tho produc- 
tion of pig-iron. 

llie smelting of iron ores requires the adoption of a furnace 
capable of being raised to a very high temperature ; a supply 
i of fuel, and of limestone to servo as a flux. In order to stimu- 
late tho combustion, a strong current of air is forced into tho 
furnace at tho bottom, which, passing through tho charge, 
makes its escape by tho chimney ; henoe it is termed a blast- 
furnace. The pouring in of a current of cold air tended, how- 
ever, to reduce the temperature in the lowest part of the 
furnace, just where it was needed to be hottest. To obviate 
this objection, the air is heated to a very high tempera- 
ture on its x>assage from the pumping-engino to the furnace, 
which, by way of distinction from the other, is ^led the hot- 
blast process. This was the invention of one Neilson, a Scotch 
I engineer, who took ont a patent for it in 1828. It led to a 
; great extension of the iron trade, coupled with an important 
' reduction in the price of iron. Tho cold-blast is comparatively 
I little used at the present time, os the iron thus made is much 
more expensive, though for quality it is highly esteemed by 
some people. 

The form and nature of a blast-furnaoe for tho smelting of 
iron must now be considered at some length. 
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Fig. 1 is the exterior elevation of a cupola or blaat-fnrnace 
of tho earlier ordinary pattern. The former term ie applied to 
the emaller ones, which are generally leas solid in their oon- 
atrnction, and cased with iron, though the principle on which 
they are built ia tho same. Fig. 2 is a Tortioal section, and 
Fig. 3 a horissontal 
one at the level of 
the tuyere, or twyer, 
holes. The base, a, 
is generally Hrinly 
built of grit or sand • 
stone, specially se- 
lected for its power 
of resisting heat. 

Tho arches, B, over 
the twyors, c, and 
the boshes of the 
furnace, T>, are also 
built of the sumo 
material. Theooue, 

X, is oonstructod of 
common bricks, but 
lined on the inner 
side withflre*brickB, 
a small space being 
left between, which 
is filled with sand. 

This arrangement is 
made to neutralise 
as far as possible 
the expausion duo 
to the heat of the 
charge, which would 
otherwise be liablo 
k. 


VauVJiVil 119 WbttUil ul 

binding tho whole 
fnmano exteriorly 
with hoops of iron, 
ospeoially when it 
i.s desired to reduce 
the thickness of tho 
brickwork. Tho 
charge is introduced 
through a door at 
the top of tho cone, 
which is approached 
by the external gal- 
lery, F ; and as tho 
quantity of material 
which has to bo 
brought up to this 
level is very consi- 
derable, it is gene- 
rally HO arranged 
that a tramway can 
bo carried either on 
the level or by an 
inclined plane to this 
gallery, so that tho 
charge can bo tipped 
in from iron bar- 
rows. Tho angle 
made by the boshes, 

I), and also that of 
the cone, e, is a 
matter of import- 
onoe, and depends 
to some extent both 
upon the charaoter 

of tho ironstone intended to be smelted and of tho fuel to he 
used for the purpose; the great desideratum being that the 
ohargo shall not sink down into a mass at the bottom of the 
furnace till it has passed through a certain stage of the process, 
otherwise the action of the blast wonld be greatly impeded. A 
form more or less contracted towards the top is generally ap- ! 


proved of (though many are, nevertheless, built with parallel 
I sides), because the heat cannot otherwise be so well maintained 
in tho upper part of the furnace. In the majority of moro 
modern furnaces tho boshes are carried up higher, and at a less 
angle than in the diagram, and some are made to curve gra- 
dually from tho port 
where tho width is 
greatest to the top 
of the hearth, O; 
the avoidance of any 
angle being for the 
sake of obviating 
the risk of any lodg- 
ment of the half- 
meltod ohargo at tho 
top of tho boshes, 
which would occa- 
sion much trouble. 
The width of tho 
hearth has latterly 
been considerably 
innreosod, which 
also necessitates, of 
course, a reduction 
in the angle of tho 
boshes. Tho throat, 
K, should be in dia- 
meter about one- 
half that of the ex- 
treme inner width; 
a narrower opening 
leads to an increased 
eon sumption of fuel, 
while at tho same 
the 
L At 
f the 

hearth, a, in front of 
the lower orifice, H, 
is placed the t3rmp- 
stone, lu, and plate, 
which is firmly fixed 
in its place, and the 
interstices filled in 
with clay. Between 
this and tho dam- 
stone, which is im- 
mediately before it, 
is a small hole 
through which the 
molten slag flows 
out down an inclined 
plane, called the cin- 
der-fall, shown at 
N, the hole itself 
being termed the 
cindor-notoh. At the 
bottom of the dam- 
plate, and therefore 
oommunic.ating with 
tho very lowest part 
of the hearth, is the 
tap-hole, which (ex- 
cept when tho iron 
is being drawn off) 
is kept closed by 
ramming in sand. 
Tho tymp-plate, 
which thus forma 
the upper portion 
of tho doorway of 
tho hearth, is often 

made of iron, containing pipes inside, through which cold water 
is made to flow constwtiy to keep the plate cool. These are 
distinguished by the name of “ water-tymps.*’ 

In front of the furnace, and opposite to the tap-hole, is ft 
channel the use of which is to convey the iron as it runs out 
into the moulds, whioh are mode cf moulding sand, and Oire 
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protected from the effeota of the weather by beingr ooyered with 
a shed. 

The twyere, c, convey to the fomace the drausrht of air 
necosaary to promote the combustion. They vary in number 
from two up to a dozen or so, but three is very common, as 
shown in the diagfram. Since the introduction of the hot-blast 
principle the twyers and supply-pipes are made of iron, and the 
nozzle is made of a hollow piece of wrought iron, as shown in 
Fig. 4, through which a stream of cold water is made to pass 
continually, in order to keep it cooL 

The blMt itself is produced by a steam-engine driving a 
piston in a cylinder which has valves opening inwards both at 
top and bottom, to admit the air, so that in both the ascending 
and descending stroke of the piston the air is forced out of the 
cylinder into a large receiving chamber, from which it again 
passes in iron pipes through the stove or oven to the twyers. 
The receiving cumber is made of a large size, so as to regulate 
the force of the blast, 


A great deal of difference of opinion exists as to the best size 
of blast-furnaces, more espedally as this depends very much on 
tho character of the ore and fuel. In Scotland, for instance, 
though some have been built 65 feet high, the large ones are 
not found to work well, and a preference is given to those of 
about 50 feet. This is also about an ordinary size of the more 
modern furnaces in Wales and the midland counties. Such 
furnaces will have a capacity of 7,000 to 8,000 cubic feet. In 
tho northern coal-field, however, coke of very great strength is 
produced, a cube of 2 inches each way being able to support 
(even when heated) a ton weight without being crushed ; in the 
Cleveland district, therefore, where this very strong ooko is 
used, the tendency has constantly been to increase the size of 
tho furnaces, and the largest of them have proved tho most 
economical in working. A few years ago, even in this district, 
75 foot was the extreme height ; but now there are blast-fur- 
naces at work 95 feet 6 inches in height from tho hearth to the 

platform, 22 feet 


and render it con- 
tinuous instead of 
spasmodic. From tho 
receiver a pipe con- 
ducts the air through 
tho heating oven, 
usually a close cham- 
ber with a furnace 
below and a flue 
above, tho interme- 
diate space being 
almost filled by the 
convoluted pipe so 
arranged as to 
present the largest 
possible surface to 
the heating power. 
Another short piece 
of pipe conveys the 
heated air from the 
oven to tho twyers. 
Tho ovens are placed 
as near as possible 
to tho blast-fur- 
naces, so that the 
blast shall not have 
the opportunity of 
cooling in passing 
from one to the 
other. Tho greater 
the heat to which the 
blast is raised tho 
i>otter does it an- 
swer the purpose, as 
the requisite tem- 
perature of the fur- 
nace can then be 



greatest internal 
width, ond tho dia- 
motor of tho hearth 
8 feet. Those di- 
mensions will give 
a cubic capacity of 
about 26,000 feet; 
and each such fur- 
nace produces 450 
to 500 tons of pig- 
iron per week, at a 
consumption of 20.} 
cwt. of ooke for each 
ton of iron mado. 

It takes a con- 
siderable time and 
expense to bring a 
blast-funiooo up to 
tho heat required; 
and when this is 
done tho furnace is 
said to be “ in blast,” 
or “blown in.” It 
is then maintained 
withou t intermission 
until, for the purpose 
of repairs, or because 
of the price of pig- 
iron being too low, 
it is found noocssary 
or desirable to put 
it “out of blast.” 
Being in blast, tho 
smelting proceeds 
continuously ; the 
charge is constantly 
supplied from tho 


maintained with a less expenditure of fuel. Tho heat of the 
blast should not bo loss than GOO® Fahrenheit. 

Tho chimney, i., extends somewhat above tho charging 
gallery, in order to carry off the smoko and heated air which 
have passed through the charge ; In most of the modem iron- 
works, however, those heated gases are not allowed to go to 
waste, but are carried down again by a flue, and are made to 
serve instead of a furnaoe in heating the ovens just described. | 
It is considered by some that tho current of air through tho 
furnace is thereby weakened, and that tho temperature suffers 
in oonsequenoo ; but it is maintained by others that this loss is 
more than compensated by the saving effected in tho heating 
ovens. This requires a modification of the upper part of tho 
furnace, and instead of having a chimney, an apparatus is sub- 
stituted, called the “bell and hopper,” or “cup and cono,” 
which the drawing (Fig. 5) will serve to illustrate. Instead of 
charging the furnace through a door just below tho chimney, | 
tho materials are thrown into the hopper, A, and then by moans ; 
of a wheel and chain the bell, B, is lowered, when all the ■ 
contents of tho hopper fall into tiio furnace, and the bell is j 
then drawn np again. Tho waste gases cannot escape in this | 
direction, but are carried off by a pipe at the side, c, and are 
made to do duty as a source of heat. 


i gallery above, as the contents sink down in the furnace ; and the 
' liquid metal, having trickled down through tho mass into the 
hearth, o, is drawn off about every twelve hours, which is called 
“tapping tho furnace,** 

The charge varies considerably according to tho quality and 
nature of the ironstone, and also to some extent upon the 
character of the fuel used. Tho ore used always to bo calcined 
or roasted first ; and though this preparatory process is not so 
necessary now as it was before the invention of tho hot-blost, it 
is still very generally done. This used to bo accomplished by 
simply making a long heap of ironstone intermixed ivith small 
coal, and then setting fire to it at the windward end. Ifc will 
gradually bum all through its length, just in tho same way as 
clay is burnt for road-making. The calcining heaps, however, 
occupy a very great space, so that in the larger works it is 
more usual now to roast tiie ore in kilns voiy similar to those 
used for burning lime ; they are rather more economical of fuel, 
and in‘ hUly districts they are generally so situated that tho 
door of tho kiln shall bo on a level with tho gallery of tho blast- 
furnace, so that the roasted ore can be readily wheeled from the 
one to the other. The blast-furnaces are therefore erected on 
the low ground at the hill-side, and the calcining kilns as near 
as possible at the higher level, the two being oonneoted by a 
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li^hfc iron gallery. The calcining operation in kilna is a con- | 
tinnouB one, the raw ore being put in at the top and tho kiln 
kept full, while the roosted ore ia withdrawn through the door 
below. The black bands of Scotland contain aufficiont carbon 
to bum in kilna without the addition of other fuel ; they loae 
from 40 to 50 per cent, of their weight during this opera- 
tion, the calcined ore containing nearly 70 per cent, of iron. 
The clay bands loae leaa weight, and oontain about 50 per 
oent. of iron after roasting. The loaa of weight is duo to the 
volatilisation of the water, carbonic acid, sulphur, and other 
ingredients. The roasted ore ahonld be preserved from exposure 
to tho weather, as it is liable to absorb again a great deal of 
water. 


TECHNICAL DRAWING.— XXXVIII. 

DHAWING FOB STONEMASONS. 

A CONCISE HISTOBY OF MA80NBY (continued). 

It was, however, different with the Eoman masons ; although, 
it is true, many of their temples wore Greek in (jharacter, and 
most of them rivalled those of that nation in size and in tho 
vastnesB of tho material employed ; tho blocks of stone, for 
instance, in tho arohitravo of the Temple of tho Sun measure 
10 feet 0 inohes long, 9 feet 6 inches high, and about 0 feet 
thick, or nearly 50 tons in weight. But in general character 
there was loss of that ponderous strength that characterised 
the Egyptian and Grecian Doric, and much more science in tho 
construction— espo<ually as regarded economy — whilst in point 
of artistic beauty tho Romans wore far below tho Greeks. 

The early Romans can scarcely bo said to have possessed 
any stylo of building of thoir own ; they for the most part 
borrowed their ideas from the Etruscans (who inhabited a part 
of Italy now known as Tuscany), and from the Greeks at a 
later period. In tho time of liomulus their buildings would 
seem to have boon of the most rude deaoription, their dwelling- 
houses being composed principally of straw ; and even at a 
somewhat later period their toinplos wore only small square 
erections, scaroely largo enough to oontain the statue of their 
idol. 

Anous Martius was tho first king who commenced works of a 
large oloss, requiring skill in their construotion ; and bis first 
attempt was the building of the city and port of Ostia, at tho 
mouth of the Tiber. Tarquin tho Elder brought with him tho 
skill and enterprise of the Etruscans, and set about im- 
proving tho city with energy and persovoranoo. His first 
work was to croot the grand cirous ; ho also oonstruotod tho 
walls of tho city with large hewn stones, and commenced the 
groat cloaca, or public sower. This great work, which was 
considered to bo one of tho wonders of tho world, was con- 
struotod of wrought st^oneB, and was of such dimensions that a 
wagon loaded with hay could pass through it, and was carried 
throiiglj rocks and under hills, ovorooming every engineering 
diffionity. 

To whatever nation or race tho irivention of tho arch may bo 
attributed, it is clear the Romans were tho first to bring it into 
general use, and they were the first in Europe to use the true 
dome in covering thoir temples. Besides this, they had not 
only good lime, but plenty of puzxolana* and therefore their 
mortar and cement were of first-rate quality. To these 

* Puzzolautv is a substance formed of voloanio nsbes more or less 
cotnpnotod. It derives Its name from Pozzuulo, os also Pulvis Puteo- 
lanus, from Putooli, situate near Mount Vesuvius, from which these 
ashes are qjeoted, and in tho vicinity of which it abounds. It occurs 
in various colours— white, rod, or black, reddish, or reddish-brown, 
grey, or greyish-black. That of Noples is generally grey; that of 
Civita Veochia is more generally reddish, or reddish-brown. Tho red 
variety is the proper putzolana ; the black and tho white sorts are 
called in Italy lapillo or raptllo. Tho ashes which overwhelmed 
Pompeii now form an imroeiiso bed of white puisolana. The surface 
of this substance is rough, uneven, and of a baked appearance; it 
comes to us in pieces, from the sice of a nut to that of an egg. 
'VVben mixed with a small proportion of lime it quickly hardens, and 
this iudurution takes place oven under water. Tho auoiouts were 
wo^l ncquninted with this substance and its properties, and among 
them its principal use, ns it bos been also in modem times, was that 
of mixing it with their cements for buildings sunk under the sea. 
As it hardens and petrifies iu wster, it is of particular service in 
making moles and other buildings in moritime places. 


advantages we may attribute the vast works which to the 
present day amaze tho spectator, who cannot view the Roman 
oloacffi, aquednots, amphitheatres, basiliem, walls, towers, tombs, 
domes, harbours, etc., without wonder at the enterprise of the 
people and the skill of their niasons. 

As the whole subject of Gothic architecture forms a separate 
course of lessons, it is not intended here to enter fully into 
that subject, nor into the Byzantine, out of which it grew ; 
nor the Saraoenio, which was a rendering of architectural and 
ornamental elements under certain religions restriotionB : a 
brief mention of the oharacteristio features of the period ore 
therefore only necessary. 

After the ruin of the Roman Empire, and tho irruption of 
the savage hordes over the whole of civilised Europe, the art 
of masonry, like aU others, declined to the lowest ebb. Had 
it not been, in fact, for the erection of rude forts and towers, 
it would have become extinct. In England we owe its revival 
to tho Normans who camo over with William I. in 1066 ; and 
next, no doubt, to the Crusaders, who had witnessed with 
admiration the marvellous lightness of the buildings in the 
East, and who brought back with them the arts and learning 
of tho Arabians, especially their mathematical science. From 
these sources pointed architecture, no doubt, took its rise ; and 
massive cylindrical pillars, composed of many small pieces of 
stone, small oiroular-headed windows, walls of vast thickness, 
with very shallow buttresBes and plain groining without ribs, 
became changed to light-shafted pers and delicately -moulded 
arches, windows rich with varied tracery, panelled walls, 
with bold buttroBses, surmounted by niches and crovnied by 
pinnacles, and groined roofs fretted with a network of ribs, 
and studded with ricbly-oorvod bosses at the points where they 
crossed each other, were gradually introduced until the whole 
system of what has been termed the “Gothic*’ style was 
perfected. 

In the sixteenth century a revival of classic architootur© 
took place. Tho Gothio style had become muoh debased, and 
Roman or Italian styles were introduced into this country by 
Inigo Jones, f who was born in tho year 157^, and whose dis- 
tinguished works at Greenwich, Whitehall, and Covent Garden 
will over secure him a place among names of the highest repu- 
tation. 

Sir Christopher Wren,J an eminent mathematician, philo- 
sopher, and architect, executed very many of {he finest buildings 
in Loudon and other parts of England in the modem style. 
St. Paul’s Cathedral in London, inferior to none but St. Peter’s 
in Rome in point of magnitude, is justly considered one of the 
finest works of modern times. The exterior oupola of St. Paul’s 
is constructed of oak, and is sustained by a cone of eighteen- 
inch brickwork, which has a course of stone the whole thickness 
— qvery five feet. Sir Christopher Wren formed an excellent 
school of masonry; tho works at St. Paul’s and other public 
buildings carried out under his suporintendenoe being exeonted 
in a very superior manner. Besides this, with the assistance of 

t Inigo .TonoB was born in tho neighbourhood of St. Paul’s, 
London, in 1572. His great aptitude for drawing attracted the at- 
tention of the Earl of Pembroke, who sent him abroad for four 
years to study tho masterpiooes of architecture in Franco, Germany, 
Qud Italy. In 1012 Jones re-visited Italy, further to improve bis 
style, nnd ou bis return to England he was appointed Surveyor- 
Getierul of tho Boyal Buildings. His masterpiece is considered to be 
the Banqueting House at Whitehall. He also built tho church of St. 
Paul, in Govent Gar<lon, Ashburnham House, tsurgoons’ Hall, Horiot’s 
Hospital, Edinburgh (but this may not be bis), etc. He died iu 1653. 

t Sir Christopher Wren, the renowned English mathematician and 
architect, was bom in Wiltshire in 1632. He was educated first at 
Westminster School, and subsequently at Wadham College, Oxford. 
After the great fire in 1666, Wren drew plans for the entire rebuilding 
of London ; few, however, of his recommendations were adopted. Ho 
was the architect of St, Paul’s ; and in 1710, in his seventy-ninth year, 
superintended the placing of tho highest stone in the lantern by his 
son, the work having occupied thirty-five years. Besides this, he built 
fifty churches, tho late Boyal Exohonge in 1667 [the present was built 
by Mr. (afterwards Sir William) Tito, and opened by Her Majesty 
Queen Victoria in 1844] ; tlie Custom House iu 1668 ; Temple Bar iu 
1670 ; the Monument in 1671 ; tho Boyal Observatory, Greenwich, in 
1675 ; Chelsea Bospital, 1690 ; Greenwich Hospital, 1696 ; Marlborough 
House iu 1709, etc. He died in his choir in 1723, aged ninety years, 
j The following inscription marks his tomb in St. Paul’s—** Si monu- 
meutum qumris, circnmspice (" Dost thou seek his monument P look 
' around *'). 
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Grinling Gibbong,* ho formed an exoellent sohool of architcctnral . 
carvers. He v?as very particular in the choice of his stone. It 
is said that whon the stone for St. Paul’s had been quarried in ' 
the island of Portland, it was exposed to the weather on the 
sea-beach for three years before he permitted it to be used; 
and the result of hip care is that amongst aU hie buildings there 
is scarcely a failure or a defective block. 

The art of masonry was well upheld in the eighteenth century 
by Vanbrugh, Hawksmoor, Gibbs, and Lord Burlington. These 
were* followed by Sir William Chamberg, who built Somerset 
House ; Dance, the architect of Newgate Prison ; and Sir John 
Soane« who built the Bank of England. But shortly after 
cement works became so general that masonry suffered. “ Be- 
sides this,” says Mr. Ashpitel, “the heavy duties imposed on 
the transport of stone by sea, and the high prices which all 
material boro during the war, threatened to reduce masonry to 
its lowest.” The revival of Gothic architecture has renewed 
the use of freestone, and has taught our masons the art of 
working tracery, groined roofs, flying buttresses, and such use 
of stone as was supposed, scarcely a century ago, to bo one of 
the lost arts. 

Besides this, the abolition of duties and the introduction of 
many facilities of transport by steam, both by land and water, 
have so reduced the price of stone, that in many places the use 
of cement is a false economy. 

hhirther, the facility with which not only the upper classes 
but working men can visit other countries, has tended, whilst 
elevating the taste of employers, to improve the mental appre- 
ciation and manual skill of our artisans ; and they have thus 
become qualifled to execute the great monuments of skill which 
the present age has produced, and which will over redound to 
the honour of our land. i 

The vast engineering and railway works — bridges, vaults, 
arches, and tunnels, the new Houses of Parliament, the light- 
houses, exchanges, town-halls, churches, warehouses, etc. — 
which have of late years been executed in this country under 
the guidance of distinguished architects, have given such an 
impetus to the study and practice of constru(itive masonry, 
that a race of masons has been reared amongst us of higher and 
more varied skill than has perhaps over existed in England, 
and oven this standard is daily being improved by the efforts 
made for the promotion of the education of working men. 

LINEAR DRAWING BY MEANS OF INSTRUMENTS. 

Wallini/. — Tlie work of the mason in this department calls 
for the continual exercise of skill and judgment, for ho has not, 
like the bricklayer, to deal with blocks of a uniform size, but 
with heavy masses of all shapes and sizes, whilst the length, 
depth, and height of the walls ho is building are all fixed. 

The best or highest sort of stone walling is the easiest to set, 
for in it all the stones ore tooled or gauged to regular sizes, to 
range in courses, and to suit the thickness of the waU to be 
built ; and the most difficult is really that which is deemed the 
commonest, being that in which rough blocks are used, the 
mason merely chipping them with his hammer or axe, and fitting 
them in the best way he can, so as to form a compact mass. 
Thi^ is called rubble walling. 

All stone is to a certain extent brittle, and therefore great 
tact is required in setting these irregularly-formed blocks, so 
that the ends may not be supported whilst the space between 
them is hollow ; or that the stone may not rest on one pro- 
jecting part whilst the ends are unsupported. If long pieces 
are used, they must be propped up in every part, lest they 
should break across, and thus occasion the whole superstructure 
to give way. And thus, although the object of the mason should 
be to form as compact a mass as possible, still that is done 
witib the greatest safety when the strength is equalised ; and, 
therefore, he will act the most judiciously in breaking a very 
long stone into two or more short ones, and working them in 

* Qriuling Gibbons was of Dutch descent— if not, indued, bom at 
Rotterdam, concerning which there has been uiucli dispute. He was 
born in 1648, and distinguimhed himself in carviug at a very early ogc, 
when we find him living at La Belle Sauvage Yard, Ludgate Hill, the 
•pot on which stand the works of Messrs. Cassell & Company. Here 
he exhibited a pot of flowers carved in wood, so exquisitely delicate 
that the leaves vibrated as the coaobes passed. He was subsequently 
recommended to Charles II., and executed a great portion of the 
carving in the chapel at Windsor. He also executed the carviug in 
the choir uf St. Paul’s. He died in 1721. 


that state ; for, by this means, he knows how to support oj 
counteract the effects of the extra joint which he makes. 
Joints which may ensue after the wall may be finished would 
be irremediable. 

The mason must bear in mind that whatever may be the 
quality of the stone to bo used, the wall should consist of as 
much stone and as little mortar as possible. If the stone be 
inferior in durability and power in resisting the effect of the 
atmosphere to what the mortar will be when hard, no ulterior 
good will be g^ed, besides the certain faot that the mortar 
will yield until it has sot hard, and thus the block resting on it 
will be, during the interval, constantly changing its place as 
others are placed upon it. And if the atone be (as it should) 
the more durable material, the more of it entering into the wall 
the better. The stones, however, should never be allowed to 
actually touch each other, any more than in brickwork ; for 
where this might bo the case, the mortar, shrinking in drying, 
would throw the whole presBure on tlie prominent parts, and so 
cause unequal bearing. 

Bricks are wetted before working, for if the surfaces be 
covered with dry dust the mortar will not adhere ; and further, 
they would absorb rapidly all the water out of the mortar, in- 
stead of allowing it to set gradually. Stone, however, being 
of a less absorbent nature than brick, it is not so important 
that it should bo wetted; nevertheless, it is better that it 
should be in at least a damp state when it is worked, the 
adhesion of the mortar being then more certain and complete. 


APPLIED MECHANICS.— XVI. 

BY SIR ROBERT 8TAWKLL BALL, M.A., LL.D., 
Astrcuomur-Uoyal for Irolaud. 

THE HYDRAULIC BAM — CBNTBIPUQAL PUMP — CHAIN PUMP. 
We next consider the machines which depend upon the inertia 
of water, and first) we shall discuss the very remarkable machine 
known as the hydraulic ram. 

A diagram of the hydraulic ram is shown in Fig. 1. This 
figure will represent the principle on which the machine works. 

p Q is a tube closed at the end Q, along which water flows, in 
the Section indicated by the arrow. Hiis tube receives tho 
water from a stream, and tho object of the machine is to send a 
portion of the water np to a higher level. B is a valve, which 
is capable of being nicely adjusted ; its weight is such that the 
ordinary proBsnre of the water beneath it is not sufficient to 
keep it closed. Thus the valve falls open, and tho water flows 
out. Tho velocity with which tho water flows is gradually 
accelerated while tho valve is open, and the pressure conse- 
quently increases. When the pressure of the water attains a 
certain value, the valve b is pressed upwards and closed. The 
water whioh was flowing along the tnbe is thus suddenly checked. 
We have already learned that when a body is in motion it exerts 
a largo force of resistance when its motion is checked. Water 
is no exception to this rule. The mass of water suddenly exerts 
a large pressure, and forces open the valve A. o is an air- 
chamber, in whioh the air is compressed ; d is tho pipe whioh 
carries the water to the height required. The pressure in the 
chamber c depends, of course, upon the height to whioh D is 
carried; but whatever bp this pressure, the valve A will be 
forced open by the inertia, and a small quantity of water he 
driven into tho air-ohamber. When the water has come to rest, 
A shuts. The same operation is now repeated again ; B drops 
open in oonsequenoe of tho pressure not being sufficient, and 
the cycle again commences. Thus at eaoh operation a small 
quantity of water is forced into tho air-ohamber c, and ultimately 
must ascend by the pipe d. 

The inertia of water, whioh is so ingeniously applied in tho 
hydraulic ram, has to be attended to in the fittings whioh are 
used in towns supplied with high pressure of water. Ordinary 
stop-cooks cannot be used on pipes in whioh the prossuro 
amounts to 50 or 60 pounds upon the square inch. If the water 
bo turned off suddenly, as it is by an ordinary cook, a rattling 
noise is heard, produced by the inertia of the water, and a 
violent strain is produced upon tho pipes and fittings, whioh 
will sooner or later lead to rupture. The remedy is obvious. 
The force of inertia with which a body resists having its motion 
arrested varies according to the manner in whioh the motion is 
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itopped. If tho motion be stopped snddenlj, tbe inertia is | the most asefnl oonstraotionB, which is represented in. Fig. 8. 
prodigious ; if tho motion be stopped gradually, the inertia | The water is introduoed at the centre, o, from tho lower 
is very small. The plan is, then, to out off the water gradually. 1 reservoir from which the water is to be raised ; from o the 
This is done by using a cock in which, by means of a screw, | water enters by a series of openings into a wheel which la 


the aperture is closed or opened gradually. 


! rapidly revolving in the direction of the arrows. This wheel 


An improved form of hydraulic ram is shown in Fig. 2. Tho . is furnished with a series of blades perpendloular to its plane, 
water flows from tho source along the tube A ; at B is the valve thus dividing the wheel into channels, into which tho water 
called tho stoppage-valve, which is analogons to the valve B in enters. When the water has entered the wheel, and becomes 
Pig. 1. Tho 8toi)page-valvo is shown open in Fig. 2 ; it is whirled round with it, centrifugal force drives the water along 
mipportod by a stem, and when not held up by the pressure of the channels to the circumference of the wheel, whence it finds 
tho water drops downwards to a distance regulated by a screw an exit by the ascension-pipe. 

and nut. When the stoppage- valve is down tho water flows In the construction of the centrifugal pump, particular care 
outwards above tho valve, until tho velocity is so much increased is required in the arrangement of the blades which form the 
that tho pressure is suffleiont to close the valve. When the channels along which the water flows; the efficiency of the 
tttoppage- machine de- 
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for this spring the shooks would derange the machinery. As | The real velooi^ of tho water is compounded of the velocity 
the air is soluble in water, it is necessary to supply air to the of tho wheel with tho velocity with which the water is flow- 
chambers, in order to restore tho quantity which is taken away; ing along the channels. By having the divisions nearly tan- 
this is effected by a small valve, H, which opens inwards, and gontial to tho oiroumforenoe of the wheel the water is driven 


admits air when the other valves are closed. 

Tho hydraulic ram is periodio in its action, and so far re- 
sembles the pumps wliioh wo have been considering. It is 
principally employed when it is desired to raise a small quantity 
of water to a oonsideralilo height. It is frequently placed at the 


one way by its motion in tho channels, and in the opposite 
way by tho motion of the wheel ; the oonsequenoe is that the 
water has really a motion only due to the difforenoe of those 
velocities. 

In Fig. 4 is represented what is called a chain-pump. This 


looks of canals, or similar situations, in which an abundant machine is very useful when a large quantity of water has to bo 
supply of water is available. The centrifugal purnp, which wo raised. It consists of two wheels, tho upper of which is turned 
shall next consider, is a far more valuable machine than the by an engine, while the lower wheel is below the surface of tho 
hydraulic ram. It is capable, when worked with suitable power, water. IIio chain which passes over the wheels is furnished 
of raising a vast body of water. It has, however, to bo worked j with wooden boards, as shown in section in the figure. The 
by a steam-engine, or other source of power, and so far is a more : water is raised by a rectangular case, which the wooden boards 


complicated machine than the hydraulic ram. 


I fit pretty accurately. This case goes below the surface of the 


The ccntrifngal pump has very varied forms, which, however, i water. As the boards are rapidly raised by the ohain, tho 
all depend upon the same principle. We shall desoxibo one of ' water is delivered from tho top of tho case. 
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PBAWXNG FOB 8T0NEHAS0NB. 

WOBK— ANGLE QUOINS, STO. 

What bond ” is, and the neoeasity for it, baa been folly ex- 
plained and illustrated in lessons on Constmotion;** 

and bond is of no leas importanoe in stone than in brick 
walling; only a few further observations will, therefore, be 
added. It has been explained (Vol. I., page 97) that walling 
is broadly classified into rubble and ashlar, and although these 
have been illustrated, it will be useful to insert the iUustra- 
tions again. 


Walls are frequently built with mortar, wluoh would have fallen 
unto their own weight without it before they reached the 
height of ^ feet, in consequence of their defective construction, 
thus showing that they are held together merely by the mortar, 
which is very seldom a sufiloient brad. 

The student will scarcely require any particular directions in 
drawing Fig. 858. The base-lbe and the vertical edge will, of 
course, be drawn first, then the stones in all their irregularity. 
The description of the mode of building will then be the be^ 
guide in towing the example. The sketch should be done 
very lightly in pencil, and a common writing pen may be used 
for the purpose of inldng. 



In rubble walls the joints, instead of being made to recur 
one over the other in alternate courses as with bricks, etc., 
should as carefully be made to look, so as to give the strongth 
of two or three courses or layers between a joint in one course, 
and one that may occur vertically over it in another. In 
bonding through a wall, or transversely, it is much better that 
many stones ihould reach two-thirds across, alternately from 
the opposite sides, than that there should be a few extending 
the whole way through, called ** thorough stones.** It is, in 
fact, much to be regretted that through a false economy walls 
are sometimes built of two thin scales, or faces, with thorough 
stones placed occasiraally to tie them togrether, the core being 
made up of rubble and mortar. This mo^ of structure should 
be very carefully guarded against. There is no better test of 
a workman's skill and judgment in rubble walling than the 
building of a dry wall — ^that is, dne without mortar — affords. 

41— N.K. 


In drawing Fig. 859, coursed rubble, having town the base- 
line and vortical edge, the lines for the courses are next to be 
sketched, not ruled, for it will be remembered that the stones 
are rough dressed ; the angle-quoins are, however, to be worked 
with greater neatness. All fuller information will be obtained 
from the preceding description. 

Ashlar work (Fig. 860) must be oarefnlly and accurately 
drawn, all the Unes being ruled, and the widths of the stones 
measui^. In towing the whole elevation of a building, how- 
ever, it is not usual to tow all the oonrses or single stones ; 
a few lines freely but oorreotly town merely indicate the 
species of work employed. The method of using the various 
mathematioal instruments, together with plain l^ts on linear 
towing, has been given in “ Projection *’ and ** Building Con- 
struction,'* and, although we desire to make each of these 
oonrses of lessons complete in itself, it is obvious that to repeat 
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miok elementary information in thia plaoe would neoessarlly 
ourtail the infmmation we desire to ^Te on higher branches. 
Now as the two subjects referred to must be oonsidered as the 
ba^ of the present study, the reader is urged to teke them 
up either before entering upon, or together with thia ; and as 
all praotioal art is based on geometry, the system on which 
it is intended to base our instruction should be worked as 
follows: — ** Practical Geometry applied to Linear Drawing,'* 
“Projection," “Building Oonstmotion," and “Drawing for 
Stonemasons." By this method the student will learn : — (1) 
The properties of yarious forms employed, their relation to each 
other, and the methods of constructing them in the readiest 
and most correct manner. (2) The manner of obtaining views 
of them as solids, instead of merely as plane surfaces; the 
shapes of sections in various directions, the development of 
Iheir surfaces, etc. (3) The subject of construction as a whole, 
and the adaptation of materials; also the various kinds of 
drawings used by builders, and the method of executing them, 
and will thus be prepared to enter upon the branch specially 
his own with that interest which grows from systematic in* 
struotion. It has been the fault of our artisans to be content 
with merely the amount of knowledge they have obtained from 
each other, and to take interest only in ^t whioli related to 
their own immediate branch. This Umited view of knowledge 
is at all times to be reprehended, but it is especially wrong in 
the trades relating to building, in which the artisans have to 
work so closely into each other's hands. Thus the work of the 
mason and the bricklayer meet, and both must work in concert 
with the carpenter, so as to arrange for his joists, girders, wall- 
plates, partitions, roof-trussos, and lintels, templets, etc. The 
carpentOT must arrange so that his work sWl suit the plumber, 
whilst it must almost imperceptibly glide into that of the 
joiner, who must again understand the requirements of the 
glazier, locksmith, etc. etc. It will thus be seen that no man 
can be said to be truly efficient who only studies his own 
occupation up to a rigidly-drawn line, and the necessity for 
men being mutually helpful and working harmoniously together 
is thus practically shown. 

When ashlar work is smoothed or rubbed so as to take out 
the marks of the tools used in working, it is called plane ashlar. 
When the surface is wrought in a regular manner, like imrallel 
flutes, and placed perpendicularly in the building, it is called 
tooUid ashlar ; but when the faces are worked with a broad 
tool, without care or regularity^ the work is said to be random 
tooled, and when wrought with a narrow tool it is called 
chiselled or boasted ; when the surfaces of the ashlars are out 
with very narrow tools they are said to be pointed. When tho 
stones project from the joints, the ashlar is said to be rusti- 
cated! in this kind the faces may have either a smooth or broken 
.lurfaoe. 

When walls are not entirely formed of masonry, in the ordi- 
nary course of economic building, stone is frequently used for 
copings, oornioes, string and blocking courses, sills, landing, 
steps, stairs, hearthstones, chimney-pieces, etc. ; soToral of these 
will be found illustrated further on, and we proceed to speak 
of quoins. 

are gauged and wrought blocks with parallel 
beds and vortical faces, placed at tho angles of buildings with 
the intention of adding to their strength and beauty ; they are 
used eithbr with brick or stone walls, and are, as a rule, made 
to project bojrond that to which they are attached. The quoins 
are covered with the rest of the wall, if it be of stone, and are 
made to occupy the exact space of a limited number of bricks 
in a brick wall. 

Rustic quoins. — In these the edges ore either bevelled, or the 
margins recessed in a plane parallel to the wall. The recesses, 
which are at the joints, have, therefore, three sides — one in the 
plane of the wall, or parallel to it, and the other two generaJly 
at right angles to this. Bustio quoins were much used in 
brick buildings at the end of the last and beginning of the 
present century. 

Rustic u>orh is a mode of building in imitation of simple 
Nature, rather than allowing the work to have the appearance 
of having been onrefully finished by art In this style, the 
■tones in the face, site., of a building, instead of being 
smooth, are hatched or pricked with the point of an instru- 
ment. 

The most coarse or oommon mstic work is that where tiie 


edges are simply out about one«hidf or two-thirds of an inch 
round the margiiL so as to be in the plane of the wsB, or 
parallel to it; and the intermediate part is broken with the 
hmnmer, so that the protuberant parts n^ay project generaliy 
about an inch beyond the margin. 

The recesses of mstios either run with the horizontal joints 
only, and the projections have, therefore, the appearance of 
boio^ placed at small intervals, or sometimes the recesses run 
with both the horizontal and vertical joints; and, therefore, 
when placed in this manner, they have the appearance of pro- 
jecting tablets. 

Rustic chamfered is that ciass of work in which the faces of 
the stones are bevelled at an angle of 135*’ with tiie surface of 
the wall, and as the joints are at right angles to the faces the 
margins wiU also be at 135^ with the joints, so that when two 
rustics come together the bevelling or chamfering will form an 
internal right angle. 

Rustic ufork frosted is that in which the margins are reduced 
to a plane parallel to the plane of the wall, and where the inter- 
mediate part has the effect of ice with an irregular surface in 
protuberant parts. 

Rustic work vermiculated is that where the margins are 
reduced to a plane parallel to the plane of the wall, and where 
the intermediate part of the stone or general surface is so formed 
as to have the effect of being eaten by worms. 

Fig. 361 is an illustration of angle-quoins with bevelled edges, 
each quoin occupying the height of four courses of brickwork. 
The student is advised to adopt a definite scale to work to. The 
elementary examples herein given, although generally correct os 
to proportions, are not worked to scale, in order that the student 
instead of merely measuring and copjring the lines, may abso- 
lutely work the subject. It will be remembered that the general 
size of bricks is a trifle less than 9 inches long, 4^ wide, and 
thick. As there is, of course, some little space occupied by 
mortar, and for convenience of measuring, we here consider 
bricks 9 inches long, wide, and 2Jvthiok. 

Having drawn t^ base-line and perpendicular, set off on the 
latter the heights of the quoins equal to four bricks, and draw 
horizontal lines ; between each of these set off the heights of 
the separate courses of bricks. Now draw tho vertical edges of 
the quoins, and also the double lines representing the chamfer, 
or bevel ; the recesses at the outer edge and at the angles will 
bo done by means of the set-square of 45**. The lines for the 
courses of the brickwork may now be drawn from the points in 
the perpendicular previously obtained. This plan is better 
than set^g off the height of each course of brickwork from the 
bottom, in which plan the smallest error or inaccuracy is 
carried on and increased, whilst in the method here shown no 
error can extend beyond four courses. 

In relation to the mixture of brick with stone ashlar in 
building. Sir Charles Pasley says that the stone should bear 
a definite proportion to the thickness of the brickwork in the 
wall, and mentions the British Museum, in which the stone 
is from 8 or 9 to 18 or 14 inches thick, in order to correspond 
with 1 and brick. 

In stone pilasters, projecting from the face of a wall having 
a stone front, the courses are usually equal to two of the other 
courses in height, or even more, it being the custom to make 
such pilasters of much larger slabs than the other portion of 
the wall. 

Door and window jambs are also generally made in much 
higher courses, or even sometimes in one piece, which is by no 
means unusual. 

As the joints in brickwork, being more numerous, are more 
liable to be compressed, and consequently that portion of the 
brickwork is liable to settle more than the stone front of the 
wall, it is prudent never to hurry the brickwork, but to carry 
it regularly all round the building by portions of a small number 
of courses at a time. 

Fig. 362 represents a section of a wall having a stone front 
backed with bricks. In this example it will be seen that the 
, stones are of the height of five courses of brickwork, and eight 
j or nine inches thick, witii some of twelve or thirteen inches 
I thick intermixed with them, and “thorough" or bond-stones 
at intervals ; the total tiiiolmesB of the wi^ is equal to three 
bricks. 

The method of drawing this example is precisely similar to 
J the last : no farther directions are thei^ore necessary. 
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NOEWICH. 

BY WILLZAX WATT WBB8TBB. 

Nobwxoh, the capital of Norfolk* and a oonnty in itself, is not 
only one oi the most ancient cities, but it is also one of the 
oldest centres of mannfaotnring enterprise in Great Britain. 
Antiquaries disagree regarding the earlier history of the town. 
On'the one hand, it is contended that Norwich was called Coter 
Owmt by tiie early Britons ; that it was the capital of the 
Iceni ; that Boadioea probably resided in the castle or fortress; 
and t^t it is tiie yeritable Venta Icenorum of the Bomans. On 
the other hand, it is maintained that Norwich rose out of the 
decay of an old Roman town, about three miles to the south, 
which, previous to the Roman era, was called Oaistor, and is 
now known as Castor St. Edmunds. The latter, according to 
this view, was pAbably the Venta Icenorwm of antiquity. 
There is a couplet to the effect that 

**Caistor was a dty when Norwich was none; 

And Norwich was built of Caistor stone.'* 

Diat a Roman camp existed at Caistor is not donbted ; but it is 
alleged that it was placed there to guard the British settlement 
at Norwich, which was then a formidable stronghold. The 
name North-wic (the northern station or town) was conferred 
on the place by the Angles, the people who inhabited Northfolk 
and Southfolk ; and by 575 it had become the capital of the 
kings of East Anglia. Records are in existence showing that 
the castle was occupied by Uffa, and that it was greatly im- 
proved by Anna, in 642, and by Alfred the Great, in 872. ^ the 
middle of the tenth century, Norwich was a large and wealthy 
town, divided into several Satinet parishes ; and in 1002 it was 
attacked an^ destroyed by the Danish fleet, under the command 
of Sweyn. It now became a Danish settlement, and the castle 
was rebuilt by Canute. At thin period Norwich appears to 
have been on important fishing>town ; and in the reign of Edward 
the Confessor it was a large, affluent borough. In Domesday 
Book it is stated that the city or borough had a mint, 1,820 
burgesses, 25 pariah churches, and from 800 to 900 acres of 
land. William the Conqueror bestowed* the castle on Roger 
Bigod, one of his Norman followers, who is believed to have 
built the present keep ; and it remained in the possession of his 
descendants till the reign of King John, when it was finally 
surrendered to the crown in 1224. In the reign of William 
Rufus, the bishopric of the East Angles was transferred from 
Thetford to Norwich; and the first stone of the celebrated 
cathedral was laid by Bishop Herbert, in 1096, the edifice 
having been completed by William Middleton, in 1284. Here 
we may note a remarkable natural change which took place in 
the vicinity of Norwich between the fifth and the middle of the 
eleventh centuries. Prior to the first of these dates, the town had 
been washed by an arm of the sea ; but at that period the water 
began to recede, and by the year 1050 the channel had assumed 
the appearance it now presents. Henry I. 'granted a charter to 
Norwich containing the scune franchise as London enjoyed ; and 
the government of the dty was then separated from that of the 
castle, the chief dignitaiy being styled prcBposituSj or provost. 
Up to this time Norwich would appear to have owed its chief 
importance to the fact of its being a stronghold ; and its strength 
was greatly increased by Edward I. (Longshanks), who built 
walls round the town. The same monarch, two years later, 
gave the city the privilege of sending two members to Parlia* 
ment ; the franchise being vested in the freemen and freeholders 
not in receipt of alms, down to the passing of the Reform Act 
of 1832. 

In the reign of Henry I. a colony of Flemish artisans settled 
at Worstead, in Norfolk ; and this event may be considered 
the starting-podnt of the industrial history of Norwich, which 
tiras dates from the be^ning of the twelfth century. It is 
believed that these colozdsts were the first to introduce water- 
driven oom-mills, wind-mOls, and fulling-mills into England; and 
that they revived the spinning and weaving of long woollen 
stuffs, and the art of building in brick, which had hot been 
praotiwd in the country since the withdrawal of the Bomans. 
Portions of Flemish brickwork may still be seen in several of 
the old churches of Norwich and Worstead. There was a 
considerable number of Jews in the city of Norwich about the 
ptiddle of the twelfth century, as well as in nearly all the 


p^dpal seats of commerce in England, and especially in those 
situate on the east coast, which offmr^ facilities for trading 
with the Conti^nt. The Hebrews were wealthy, and their wealth 
excited the jeucusy of the people. On the accession of Richard 
Oceur de Lion, in 1189, the Jews in London were massacred in 
' great numbers by an infuriated mob, and the work of extermi- 
nation was taken up at Norwich and other towns where they 
had settled, in spite of the attempts made by the king to pro- 
tect them. 

In 1328, Edward IIL made Norwich the staple town of Norfolk 
and Suffolk for the sale of wool, wool-fells, and doths; and about 
the year 1886 another and a la^er body of Flemings migrated 
to the city, and added the weaving of worsted into cloth to its 
other industries. After this date the town appears to have 
made rapid progress, although its prosperity was frequently 
retard^ by insurrections, plague, famine, and fires. During 
the reign of Richard II., dhsoontent prevailed throughout the 
kingdom, and popular risings became general. Norwich was 
plundered and devastated by armed bands, which are said to 
have numbered collectively 80,000, led by Litester, a dyer. In 
1403, Henry IV. separated the city from the county, consti- 
tuting it a county by itself, and granting its inhabitants special 
and peculiar privileges. The doctrines of the Reformation were 
adopted in Norwich as early as 1422, and several Wiokliffites, or 
Lollards, were executed there for heresy. By the year 1533 
there were in Norwich twenty independent guilds, representing 
a much larger number of trades. The cloth-cutters, fullers, 
woollen and linen weavers, and wool merchants constituted 
one corporation j tailors, broiderors, hosiers, and skinners were 
united together in one guild ; while the wax-chandlers, barbers, 
and surgeons formed a single corporation. It would appear, 
from an Act dated 1541, that the trade of Norwich had 
declined during the reign of Henry VIII. After stating that 
** among other cities, shires, and towns, having private com- 
modities, the city of Norwich hath always heretofore been 
maintained and preserved, and that the poor men, and other 
dwellers and inhabitants, godlily, honestly, and virtuously 
brought up in the same, have been occupied and exoroisod by a 
commodity growing and rising only within the said city, that is 
to say, the making and weaving of worsteds and other cloths, 

I which have been made and woven of yam spun of the wool 
I growing and coming of sheep bred only within the county of 
Norfolk, and in no place else ; and whereas this trade has been 
of late craftily and deceitfully taken away by men buying up the 
wool of Norfolk, and sending it in a raw state to be manufao- 
tured in France, Flanders, and other places beyond the seas, 
and by reason thereof the city of Norwich and other towns in 
Norfolk are not only most likely to be brought to utter min 
and decay, but the inhabitants to be destitute of any way to got 
an honest living by,” this measure enacts that no Norfeik wool 
shall henceforth be exported or worked up out of the county, 
under a penalty of forty shillings for every pound of yarn so ex- 
ported or worked up. But this Act did not revive the drooping 
prosperity of the town, and the woollen trade remained in a 
depressed state for upwards of twenty years after it began to 
be enforced. 

In the year 1549, the enclosure of certain commons and waste 
lands near Attleborough and Wymondham led to a rising 
similar to the Jacquerie in France, and the peasants’ war in 
Germany. Under toe leadership of a bold and resolute artisan, 
named Robert Ket, or Knight, a tanner, and his brother 
William, a butcher, the insurgent peasants and workmen laid 
siege to the city of Norwich. A camp was formed, and forces 
numbering 16,000, and including many of the city people, were 
collected, llie hostilities continued for a month, and the 
country round Norwich was pillaged and laid waste. At length 
an entrance into the city was effected, and the mayor and 
I several members of the corporation were taken prisoners, and 
carried to toe camp as hostages. A strong body of troops, 
under the command of the Marquis of Northampton, marched to 
the relief of Norwich, but suffered defeat. The Earl of Warwick 
and his son, Robert Dudley, Bkurl of Leicester, were next sent 
against the insurgents ; and after a oonflict lasting two days, 
succeeded in defeating them, both sides losing about 3,000 men. 
Three hundred of the ringleaders of the rebels were executed 
on the spot, and the two were sent to toe Tower of London, 
to meet the same fate. Again the Flemings poured into 
I Norwich, and revived the prosperity of the town. The perseou- 
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tioxw of the Duke of Alra drove luge numberB of Hvgiieiiote to 
eeek refuge in England) and upwards of 4)000 of tkem settled in 
Norwich about the year 1561. Bnt they had only fled from one 
form of persecution to encounter another) hardly, if at aU, less 
cruel. I%c following paragraph from Dr. Smiles’s** Huguenots*’ 
powerfully recounts ^t portion of thp history of Norwich at 
wldchwe have arrived $ — “ Although Norwich/* he says, “had 
been originally indebted mainly to foreign artisans for its 
oommer<^ and manufacturing importance, the natives of this 
city were among the first to turn upon their benefactors. The 
local guilds, in ^eir usual narrow spirit, passed stringent regula- 
tions direct^ against the foreign artisans who had originally 
taught them th& trade. Jealousy was excited, and riots took 
place against the Flemings, many of whom left for Yorkshire, to 
lay the foundation of the fortunes of several towns there; and 
Norwich, left to its native enterprise and ^dnstry, fell into 
stagnation and decay. The population diminished, riots were 
firequent among the distres^ workpeople, and it was even 
mooted in Parliament whether the place should not be razed. 
Then the corporation determined to oaU to their aid the skill 
and industry of the exiles. In 1564 a deputation of citizens 
waited on the Duke of Norfolk, who succeeded in inducing 300 
Dutch and Walloon families to settle in Norwich at his charge, 
and carry on their trades under a licence from the queen 
(Elizabeth). They restored the prosperity of the city ; and in 
the course of a few years, 3,000 foreign workmen wore found in 
Norwich, and many entirely new branches of industry were 
introduced and in operation. Besides sayes, bayes, serges, 
arras, mouohado, and bombazines, they introduced the striping 
and flowering of silks and damasks, which shortly became one 
of the principal branches of trade in the place. The manu- 
facture of beaver and felt hats, which were formerly imported, 
was also successfully established at Norwich; and Anthony 
Solen introduced the art of printing, for which ho was awarded 
the freedom of the city. Two potters from Antwerp also 
started a pottery there.” But the antipathy of the citizens of 
Norwich towards t^e foreigners was not yet extinguished ; and 
about the year 1570 a formidable conspiracy to ex|>el them from 
the city was discovered, and its leader and instigator, John 
Throgmorton, was seized and executed, after which the refugees 
wore allowed to follow their callings in peace. The foreign 
artisans enjoyed the favour of Elizabeth, who wrote from 
Greenwich in this same year, strongly expostulating with the 
inhabitants of Norwich against their foolish jealousy towards 
the authors of their prosperity. A census of the foreigners in 
Norwich, teJeen soon after this date, showed that they numbered 
4,000, including women and children, and ten years later they 
were found to have increased to 4,670. Another immigration 
of foreigners into Norwich took place towards the end of the 
seventeenth century, the artisans in this case coming from 
France, and being sl^od in the manufacture of silk goods, such 
as lustrings, brocades, tabinets, and velvets, while others made 
cutlery, clocks, and watches. In the Civil War, Norwich declared 
for the Parliament, and was occupied by its forces till Cromwell 
became protector. In addition to its great cathedral, the 
ecclesiastical history of Norwich is remarkable from the 
number of convents and other religious establishments that 
have flourished there, the funds of which have in most cases 
been diverted to charitable uses, and placed under the manage- 
ment of the corporation. 

The manufacture of cotton was introduced into Norwich in 
1784, and the close of the last centui^^ seems to have been the 
period of greatest prosperity in the history of the town. It l^s 
been estimated that the v^uo of the goc^s exported from the 
city at that time to the East Indies, Bussia, and other countries 
(oonsisting chiefly of camlets and camletees, callinuuiooes, 
worsted satins, flgured stuffs, lustrings, damasks, and shawls) 
amounted annually to 1,000, 000, or almut one-fourteenth part 
of the British manufactoed goods exported at that period. 
Since that date Norwich has been outstripped by rival manu- 
facturing towns in Lancashire and the West Jading of Yorkshire, 
which have enjoyed greater advantages, on account of their 
proximity to rich ooal*Aelds and the absence of corporation 
privileges. Many articles formerly peculiar to Norwich are now 
manufactured at cheaper rates elsewhere ; and the greater part 
of the yam worked into fabrics at Norwich is spun at Bradford. 
The worsted manufaotnres of the West Biding are now far more 
extensive and valuabhi than those of NorfoUc. In 1719 a new 


silk and worsted fabric, called Norwich crape, was invented, 
which rapidly became so fashionable, that during Walpole's ad- 
ministration court mourning entirely consisted of it. There 
were about 1,000 persons employed in the mills for throwing 
silk at Norwich in 1810. 

The close and influential oonneotlon of the (9umey family 
with Norwich throughout many centuries entitles them to a 
place in a sketch of that town, however brief, and tbeir story 
forms an important chapter in the hiatoxy of British oommerbe. 
As BIr. Bourne has remarked, in his “ l^lish Herchanta,” we 
see in the Gurneys “ the almost solitary instance of an ancient 
family that in later times has not been ashamed to engage in 
commerce, and has drawn from it a dignity as g^t as any that 
could come from lengthy pedipees and the tractions of bygone 
ages.” The founder of this house in England, Hugh de 
Goumay, Lord of Goumay and Le Brai, held an important 
command at the battle of Mortimer, in 1054 ; and coming to 
England with the Conqueror, in 1066, was awarded large grants 
of land in Norfolk and Suffolk. It would appear that the 
first of the family who settled in the town of Norwich was 
Edmund Goumay, who, in the time of Edward III., held 
an office corresponding to the reoordership. Since that date 
some members of the family have always resided at Norwich, 
and several of them have greatly contributed to its proq[>erity. 
Towards the close of the seventeenth century, John Gurney was 
for thiriy years a famous and highly successful merchemt in 
Norwich. After serving an apprenticeship to a oordwainer in 
the town, and suffering three years' imprisonment in Norfolk 
Gaol on account of his having in his twenty-third year adopted 
the doctrines of the Society of Friends, John Gurney started in 
businesB as a merchant and manufacturer, and, at a later period, 
as a sort of banker or money-lender. He supplied silk to the 
Palatines and other foreign refugees in Norwich, and built a 
silk-mill there, on the model of the celebrated silk-mill of Sir 
Thomas Lombe, at Derby. When he died, in 1721, at the age of 
sixty-six, John Gurney loft a considerable fortune and a very 
profitable business to his sons, John and Joseph, in the ao- 
cumulation of which he had been ably assisted by his wife, 
who, it is alleged, was the real founder of the oommeroial great- 
ness of the Norwich Gurneys. The sons carried on the business 
with great sucooss ; and John became known in his day as “ the 
famous advocate of the weavers,” he having been instrumental 
in obtaining the passing of an Act dated 1721, “to preserve and 
encourage the woollen and silk manufacturers,” which pro- 
hibited the use or sale of cotton olothing, under a penalty of £S 
for the offence of weaving, and w620 for selling any cotton 
garment. It was the two sons of the “ weavers* advocate,” John 
and Henry Gurney, who founded the Norwich Bank, they having, 
in 1 770, converted their old dwelling-house, in Saint Augustine's 
parish, into a banking-office, and from that date devoted them- 
selves exclusively to banking transactions. In 1779 the business 
descended to Bartlett Gumey, Henry Gurney's son, who removed 
it from the original premises. Three cousins and others were 
adopted as partners, and on the death of Bartlett Gumey, in 
1802, the concern came into their hands. Of the three cousins 
the most remarkable was John Gumey, bom in 1750, the father 
of Elizabeth Fry, Lady Thomas Fowdl Buxton, Joseph John 
Gumey, the philanthropist, and Samuel Gumey, the millionaire. 
It was about the year 1800 that the celebrated house of Biohard- 
son, Ovorend,‘and Company was founded, through John Gurney’s 
assistance; and in 1807 the firm was greatly strengthened by 
the introduction of his son Samuel as a partner. Until the death 
of John Overend occurred, however, the connection of the Gurneys 
with the firm was kept secret, but after that event it assumed 
the world-famous title of Overend, Gumey, and Co. The story 
of this firm hardly comes within the scope of this paper; but, to 
complete the ouGine, it may be mentioned that the establish- 
ment, which had been left in a position of almost unexampled 
wealth and influence by Samuel Gumey, who died in 1856, one 
of the richest men in l^gland, was reorganised as a joint-stock 
company, under the “Limited Lubilitjy Act,” in 1865, and foiled 
on ilie 18th of May, 1866. 

In addition to its worsted and silk factories, Norwich contains 
iron and brass foundries, snuff-mills, vinegar- works, dye-works, 
oora-mills, malt-houses, breweries, and oil and mustcu^ mills ; 
and of late years the manufacture of ladies’ boots and shoes 
has been extensively carried on there; this having, indeed, 
become one of Gie staple trades of the city. In the latter 
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1»Mnoh of indtt«trj women end diUdren are prinoipaUj em- 
plojed^ bat a oonelderable nnmber of men are engaged in it as 
well. The making ^ agrionltnral implements is alio proseonted 
at Norwich with great snooess. Sinoe 1888 the oommeroe of 
the oitji whioh oonsistB <diieflj'in the export of mannfaotored 
goods and agrionltnral produce to London and other porta — ^its 
foreign trade being inconsideieble — ^haa been greatly f aoiUtated 
by means of connected with the Lowestoft navigation, 

which give vessels tewing ten fe^ of water direct access to the 
town ^m till sea. 

Norwich is sitnated <m the river Wensnm, immediately above 
its jnnotion with the Tare, and is twenty miles W. of Yarmouth, 
and nine1y*ei|ght miles N.N.E. of London. Seen from a distance, 
its appearance is very striking; and it has long been called 
** the city in an ordiiard,’* owing to the unusually large propor- 
tion of garden-ground whioh surrounds it. Portions of the old 
walla and towers are still in existence, and there are many 
objects of interest to the antiquary in the city. The cathedral, 
which did not assume its present shape till the sixteenth century, 
is one of the largest and finest e^esiastioal edifices in the 
kingdom. The style is almost purely Norman. It is cruci- 
form in structure, and from the intersection of the cross formed 
by the nave, choir, and transept, springs a lofty Anglo-Norman 
tower of four stories, highly ornamented, and surmounted by an 
elegant spire, rising 815 feet from the basement of the church. 
The west entrance is extremely beautiful, notwithstanding that 
the more salient ornaments have begun to moulder away, and 
it is from this point the best view of the pile can be obtained. 
The interior of the cathedral is exceedingly imposing and 
grand, but the architecture is of various periods, from the 
Anglo-Norman to the English Perpendicular, and modem 
alterations have not in all cases been improvements. The 
roof is divided by fourteen semi-cironlar arches, and there 
are 828 elaborately sculptured figures of Scriptural subjects 
among the decorations. Its cloisters are also remarkable, both 
for their dimensions and embellishments. Near the cathedral 
are several ancient and valuable specimens of architecture ; and 
the city contains about forty churches, and about twenty-two 
dissenting chapels and other places of worship. St. Peter 
Mancroft is a large and handsome cruciform edifice, dating from 
the fifteenth century, with a noble tower ninety-eight feet high, 
containing a peal of twelve bells, considered one of the finest in 
England. Among the charities of - Norwich, the most note- 
worthy is St. Giles’s Hospital, whioh is maintained by rents and 
other property yielding on average annual revenue of some 
^7,000. It provides clothing, food, and a small stipend for 165 
inmates, exclusive of servants. The Free Grammar School of 
Norwich was founded by Edward VI., and possesses endowments 
amounting to about J2200 per axinum, and a fellowship at Cains 
College, Cambridge. There is a public library in the city 
containing 20,000 volumes, and the library of the Norwich 
Literary Institution consists of 15,000 volumes. In 1831, 
Norwich had 61,110 inhabitants; in 1851, 68,706; in 1861, 
74,891 ; in 1871, 80,890 ; and in 1881, 87,842. Many of the 
stilts are new and handsome, but, as a whole, the city is in- 
differently built. The houses are nearly all of brick, and in 
the older quarters are more remarkable for their age than for 
their beauty or comfort. There are in the town and vicinity ten 
bridges; and the market-place is one of the largest in Great 
Britain, being 600 feet long, by 340 feet in width. 


FARMING AND FARMING ECONOMY.— III. 

By J. Wrightson, Professor of Agriooltare, Boyal School of Hines. 
atmOATION OP PHTBIOAL CONDITION OF SOILS — UANURXS — 
FABM-TABD MANUBB, OtTANO, 8UPBBPH08PHATB8, BTC. 

Soil, like other substances, possesses physical properties and 
a chemical constitution. Physical propertloa have relation to 
those features whioh are discernible to the senses in any body, 
simple or complex. Thus a piece of chalk is white, compara- 
tively soft, has a definite spe^c gravity, and certain relations 
to heat, Hght, electricity, moisture, etc. In the same manner 
the soil, whether it bear the ohamter of a retentive olay or 
a blowing sand, has physical attributes well worthy of the 
forma’s consideration. Its colour exerts an influence upon its 
tempmture ; its tenacity has an important effect in its relations 
to moisture and to growing plants, as well as upon every tillage 


oi^rajdon ; its relations to heat and moisture have much to do 
with its Iteility ; while if we take into consideration the physi- 
cal conditions under which it is placed, we shall see the import- 
ance of climate, of inclination or slope to the north or south, 
and of the relation of soil to subsoil. The study, therefoie, 
of the physical properties and conditions of soils is most inw 
portant, especially as means exist for, to some extent, modify- 
ing them. 

As dramage, ulay-buming, and mixing are processes by whioh 
the physical condition of soils may be mitigated, so the applica- 
tion of mannrial sobstanoes is the means by whioh their ohemical 
condition may be improved. In other words, while the soil is 
put into the best possible meohanioal oonteon by the first 
class of improvements, it is enriched and stored with plant-food 
by the second. Although the means of improving land may be 
thus divided into two olaases, they imperceptibly glide intoeaoL 
other. Thus, while marling exe^ a dire^ effect in altering 
the physical condition of a soil, it also enriches it with valuable 
mineral oonstituents. Even farm-yard dung, the t 3 rpical manure 
of BO many farmers, may be shown to act both mechanioally 
and chemically updh the soil. The meohanioal action of ordinary 
farm-yard dung was strongly believed in by Jethro Tull, who 
attributed its nsefulnoss entirely to its causing the further dis- 
integration of the soil during its own deoay. Numerous other 
substanoes applied to land exert this double effect, and thus 
improve the physioal condition of the soil while they increase 
its store of plant-food. ‘There is, therefore, some danger of 
confounding these two actions with each other, and it becomes 
necessary to clearly define the meaning of the term manure.” 
The usual dictionary explanation of the word is soaroely strict 
enough for our purpose ; and we cannot agree with Webster 
that a manure is anj/thing whioh fertilises land, for if this were 
the case then would the ordinary tillage operations of the farm 
come under the definition. Manuring oonsists in applying sub- 
stances to the soil whioh snbseqnently may be employ^ by 
growing plants in building up their tissnos. The repeated 
growth of crops removes plant-constituents from the soil, whioh 
it is found necossary to restore by the use of manures. It is of 
importance to bear in mind that the value of a manure depends 
upon the extent to whioh it is able to replace the constituents 
removed from the soil by crops. It is, therefore, no matter of 
wonder that farm-yard manure, composed as it is of the excre- 
ments of highly-fed animals and decaying vegetable matter, 
should be a highly-valued fertiliser. Such a substance, when 
made under the most favourable oonditions, oontains in an 
available form every necessary constituent of both com and 
straw, and is eminently adapt^ both to keep up and increase 
the f^ility of land. Other substances have Gt late years been 
introduced to the notice of the farmer for the same purpose, 
and the use of artificial manures is one of the principal features 
of modern farming. Artificial manures owe their origin to the 
light whioh chemistry has thrown upon the practice of agriotd- 
ture. No sooner was it discovered that fertility was in a 
considerable degree due to the presence of certain definite sub- 
stances in the soil than the idea arose that fertility oonld be 
I maintained by the artifioial application of those substances, 
j Hence ammonia salts, nitrates, phosphates, potash, and mag* 
i nesia salts began to be suooe^nlly employed in agriculture, 
and the manure trade became an important part of our oom- 
I meroial life. Artifioial manures have supplemented, and to 
j some extent superseded, the use of farm-yard manure. It is 
I important to b^ in mind that the value of a manure consists 
in the amount it contains of a few ohemical substances. This 
I lo a lesson whioh farmers are somewhat slow to learn; and a 
I sort of supeiatitiona veneration still exists for farm-yard dnng, 
composts, vegetable and animal matter, or, in fact, anything 
which combines bulk, ** greasiness,” and a bad smell. It is, how - 
ever, only ohemical analysis which can truly indicate the quality 
of a manure ; and the basis upon whioh the chemist makes his 
estimate is the per-oentage of certain fertilising elements. The 
question of farm-yard and other ** natural’ ' manures, versus 
** artifioial ” fertilisers, is capable of scientific solution. Farm* 
jurd dung is always a safe, although occasionally an extrava- 
gant, application to land. It is difficult to make a mistake in 
using it; whereas the proper use of artifioial manures re- 
quires considerable knowledge of the requirements of plants 
and the nature of soils. That fertility may be maintain^ and 
increased by artificial manures alone has beau fully proved 
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at Eothamsted, by the long-oontii^ned experiments of Sir JT. B. | 
Lawes and Dr. Gilbert upon the growth of wheat. In this oase 
wheat was grown, under a variety of olronmstanoes, upon the 
same land oonseontively for twenty-eight years. The field was 
divided into plots, each of which received a diilerenlr treatment; 
and from all of them both straw and grain were constantly 
removed for the period above named. A plot constant]^ 
nnmannred gave a low average of 14| bushels per acre; 
a second, manured annually with 14 tons per acre of farm- 
yard manure, 85^ bushels per acre ; a third, manured with 
an artificial combination of all that the plant requires, yielded 
an average of 36 ^ bushels per acre, and greatly improved 
in productive power since the commencement of the experi- 
ment. The above averages were for seventeen years, between 
1852 and 1668. Similar trials upon barley for the same 
period confirmed the fact that a soil may be fully supplied 
with manurial matter by means of artificially produced chemical 
substances. Hence we have good reason to believe that the 
boasted dictum of ** the more stock the more com ” is incor- 
rect, and that there is no essential relation between feeding 
animals and growing corn-crops. 

Manures have been divided into two classes — general and 
special. A general manure is a substance containing all the 
necessary constituents required by growing plants. It is 
therefore able to keep up and increase the fertility of a soil. 
A special manure, on the other hand, does not contain every 
necessary constituent, and occasionally only one or two of 
them. Such a substance is, in a qualified sense, exhausting to 
the soil when frequently applied. Take, for example, the two 
oases of farm-yard manure and “xiitrate of soda,*’ the first a 
general, and the second a special manure. Bepeated dressings 
of the &st would enrich the soil ; but repeated applications of 
the second would, by stimulating the growth of the crop, tend 
to rob it of phosphoric acid, potash, and all valuable consti- 
tuents except nitrogen. Nitrate of soda contains no phosphoric 
acid or potash, and these being removed in greater quantity by 
plants manured with the nitrate, repeated dressings of this 
substance would be followed by a diminished store of other 
plant-constitnente. This is no reason for discontinuing the 
use of nitrate of soda as a manure, for a good farmer will 
supply phosphoric acid and other constituents in due course, 
atid the supply of all necessary manurial substances will be 
kept up in the soil. 

Special manures are useful under three classes of conditions. 
First, when applied to crops which have special requirements, 
as, for example, when potash is used for potatoes, or common 
salt for mangel-wurzel; secondly, when a soil is deficient in 
some particular constituent, such as lime or magnesia, the 
addition of which will cause it to approach nearer to the 
standard of a perfect boH; thirdly, when it is employed to 
realise a store of fertility already accumulated in the soil. 
This last oase is beat illustrated by a wheat-crop growing upon 
land in high condition from previous manuring. Here, nitrate 
of soda may be applied with great advantage, as it will at once 
cause the wheat to grow vigorously, and to remove from the 
soil plant-food whicli would otherwise have remained dormant. 
Thus may nitrate of soda and other special manures be em- 
ployed as a means of quickly recovering the former’s capital 
from the land. 

It may readily bo shown that the continued use of a general 
manure is not always economical. If, for example, wo continue 
year after year to dress a field with farm-yard manure, while 
we add to it all that is necessary, wo are probably also adding 
more than is necessary. Certain substances will accumulate in 
the soil m excess of what is needed ; and a ratioxnd system will 
point out the advantages of using some special manure, so as to 
realise the store of fertility now present. 

Form-yard monura, the oldest, and probably still the most 
important manorial substanoe employ^ in agriooltore, is tx- 
oe^ingly variable in its composition. Its basis is the food and 
litter with which the animalB producing it are supplied, and it 
will be found to vary in qualify aooord^ to the oiroomstauoes 
under which it is formed. Thus the age of the animal is im- 
portant, the manure of yoi^, growing oatUe being inferior to 
that of older stock ; the kind of animid, whether it be a boree, 
cx, sheep, or pig ; Ihe condition of the animal ae to fatnese or 
ieannsse, and the quality of the food given, all exert their in- 
fiuonoq. The proportUm of litter to the eolid end liquid excre- 


ments, the amount of ehelter from rein and enow during its 
formation, and the after treatment to which it is subjected, all 
bear upon the value of farm-yard mannxe, and render ^e forma- 
tion of the best dung a complicated qne^n. The best farm- 
yard dung is obtained by Mixing '^e manure produced by 
various animus maintained on the farm. Horse^nng is pro- 
verbially hot, being oomparatively dry and rich, and qnl^y 
ferments and becomes mouldy. Figwmannre, on the other 
hand, is oonsidered cold in its nature, and the excrements of 
both these animals are improved by being mixed with that of 
cattle. These points should be att^ded to in the designing of 
farm-buildings, and the horse-stable and pigsties should be so 
arranged that the dung and litter may be oonveniently spread 
over fold-yards. Sufficient shed and leose-box aooommodaMon 
should also be provided ; and the open yards must be tron^ed,” 
so as to protect the manure from rain, and economise litter as 
much as possible. By these means straw is saved, and a good 
quality of manure is obtained. With regard to the staple 
manure of the farm — ^that produced by homed cattle — ^the best is 
made in loose boxes, or weU-proteoted and small yards, by fatting 
cattle fed upon cotton or linseed cake, meal, and a few roots. 

It was formerly the almost nniversal custom to cart the dung 
from the fold-yards, place it in heaps near the field for which 
I it was destined, and to tom it once or twice, so as to promote 
I decay. The advantage of allowing this decay to take place in 
I the land is now so universally allowed that most good farmers 
prefer to cart a large proportion of their yard manure direct to 
the fields in the autumn, and there to plough it in. This is a 
great improvement upon the older practice, especially upon the 
heavier classes of soils, which derive considerable advantage 
from the decay of vegetable matter within them. 

Farm-yard manure is useful for all crops, and is applied at 
almost all periods of the year. Immediately after harvest, and 
througliout autumn, it is carted on to the limd intended for the 
next year’s root-crop ; in winter it is applied to young seeds ; 
in spring, to potatoes and mangel-wurzel; in summer, to 
various root-crops, bare fallows, aild land intended to be 
broken up for wheat. The major portion is usually applied to 
the fallow or root-land; but many good agriculturists prefer to 
oort a considerable amount on to clover and other leas, in antici- 
pation of wheat. Half the yard manure may be well employed 
for this purpose, and it will exert the maximum effect when 
applied to yonng seeds in the winter or early spring. This 
secures a good hay-orop, and it has frequently been observed 
that such a orop is followed by a full crop of wheat. Thq 
remainder of the yard manure will be best applied to the 
root-land from which it is intended to oort the produce to 
the folds; and the roots which are to be eaten on the ground by 
sheep may bo grown with the help of superphosphates and 
other artificial manures. 

Of late years much attention has been directed to the best 
method of using straw. It has been shown that this material 
may bo employed for feeding purposes, and that it is too valu- 
able to be employed for litter alone. Accordingly, the greatest 
economy ought to be observed in using it for ^is latter pur- 
pose, and buildings should bo provided to prevent its waste. 
Some farmers, like the late Mr. Meohi, have adopted a system 
of feeding cattle and pigs upon sparred floors, and so have 
rendered the use of straw as bedding unneoessary. In such 
oases the excrements of the cattle fall through between the 
spars which constitute the floor of the sheds or boxes, and are 
washed, by means of water, to a large tank, from which they 
are pumped as liquid manure to all parts of the farm. In order 
to carry out this plan, iron piping and hydrants are required to 
convey the liquid manure over the land, and also an engine to 
complete its distribution. Wonderful results were obtained 
at IHptree Hall by the use of such liquid manure, but it is by 
no means proved that there is any true economy in the con- 
version of solid excrements into the liquid form. In ordinary 
farming it is the opinion of most practical men that the best 
plan is to shut out all extraneous water by properly arranged 
buildings, and to convert the whole solid and liquid excreta into 
solid manure by the use of a sufficient amount of Htter. Straw 
need not be exclusively used for this purpose, although it will 
be long before, even in wril-farmed districts, its function as 
litter ends. Mr. Bandell, of Chadbury, recommended burnt 
clay as a means of absorbing dung and urine, and other agri- 
culturists hava employed sawdust, potato-haulm, and o^er 



FABiaSTG AND FAiUCINO NOONOMT. 


2S1 


porous obtttiiiable. Anothov in finding a 

better nee for straw is the absurd restrictions preTaUing in 
agreements for lettbig land. The farmer is very often for- 
bidden to aril straw ; and should his farm be adapts especially 
for oom-giowing« he has a large surplus of this substance, which 
he is onfy too to crush into farm-yard manure. So far, 
therefore, from economising straw, it is not nnoommon to find 
farmers pmnduwdng cattle for the avowed purpose of **omshing 
down tlm straw," and this in advanced districts. Landlords 
would consult their own intereets by removing such vexations 
rostrictionB from intelligent tenants, and allowing them to sell 
the produce of their farms in the best market ; and it is absurd 
that straw, which commands a high market value, should, 
through a foolish clause in a lease, be trodden into inferior 
&tna-yard manure. 

There are other sources of manure upon farms than that of 
the domestic animals maintained upon it. Every kind of voge* 
table refuse, suoh as weeds, h^ge-olippings, haulm, 1^- 
mould, etc., t^ould be ooUeoted together and mixed with lime, 
at the rate of one load of lime to five loads of refuse. The 
whole should be turned at least twice, and subsequently carted 
on to the land — ^not, however, untU the roots and seeds weeds 
have been killed by oontaot with lime and sufficient turning. 
Snob a combination of lime and vegetable refuse is what is 
termed a ** oompost-heap," and is seen wherever neat farming 
is carried out. 

Farm-yard manure and oomposts are staple manures ; but the 
requirements of modem agriculture introduce a large olass of 
aubstanoes to our notice which, under the names of "hand," 
"XHJrtablo," "artificial," and "special" manures, play an im- 
portant part in mral economy. Volumes might be written 
upon the composition, uses, and effects of these manures, and 
it is no easy task to give even a general notion of their appli- 
cation to the numerous soils and crops for which they are 
specially adapted. The terms nitrogenous and mineral have 
been somewhat nnphilosophioally employed in olassifpng those 
fertilisors. The first term requires no explanation. It em- 
braces all manures in which nitrogen plays a oonspiouons part, 
suoh as many guanos, nitrate of soda, sulphate and other salts 
of ammonia, blood manure, rape-cake, fish manure, animal 
refuse of all kinds, etc. " Mineral manures" comprise super- 
phosphate of lime, salts of potash and magnesia, lime, and, in 
general, substanoes which supply the fixed or non-volatile parts 
of plants. Every plant-oonstituent is essential, but all are not 
equally abundant. The two elements of plant-life which up to 
this time have been most in demand are phosphoric acid and 
nitrogen. Accordingly, phosphatio and nitrogenous manures 
command a high prioe, and are very largely employed by 
farmers. Of late years increased attention has been bestowed 
upon potash salts, but they aro not yet so familiar to agrioul- 
turistfl as the two former olassos of manures. Phosphoric acid 
is supplied in " superphosphates," manufactured from bones or 
natural mineral phosphates, suoh as apatite and phosphorite. 
It is sold at from £5 lOs, to £7 per ton, and is applied at 
the rate of from 8 to 6 cwt. per acre. These phosphatio 
manures exert the greatest infiuence upon the root-orops of 
the farm— -t.e., turnips, swedes, and mangel-wurzel ; they are 
also effective upon clovers. Nitrogenous manures 'are more 
peculiarly adapted for graminaceous plahts, suoh as the 
meadow-grasses and the cereals, upon which they exert a 
most marked effect. Thus the two principal plant-constituents 
needed as applications to growing crops are added to the land at 
different periods of the " rotation," and the field is maintained 
in a fertile condition. Beverse the order, and top-dress wheat 
with superphosphate, and swedes with nitrate of soda, and the 
manure in both oases will be all but wasted. 

We oonolude these remarks upon manuring with a short 
summary of the manure usually employed, the crops for which 
they are most suitable, the quimtities usnidly applied, and the 
season of the year at which may be used willi the greatest 
effect. 

Farm^yard manwre^ useful for all crops ; applied at the rate 
of from 10 to 80 tons per acre, at various seasont of the 
year, according to the requirements of each crop. 

Rape^dust, mustard^ cotton^ and castor-’take have all been 
used, but especially the first. They are rich in nitrogen, and 
contain valneble " mineral " oonstituents ; th^ are appli^ to 
turnips and cereals with sucoess. sad s^nld be distributed 


during damp weather in spring and summer, at the rate of 6 
to 7 owt. per acre. 

Qreen Manuring, or Manuring vtith Fresh Vegetahle Matter, 
— Spurry, white mustard, and turnips are employed in tMa 
country ; and rye, olover, bnokwheat, white lupins, tape, borage, 
etc., have been employed abroad, at tiie end of harv^ 
and after two months plough in, as a preparation for winter 
wheat. It has been recommended to sow and plough in throe 
BuooesBive cTopa of white mustard, as a 'means ot both enriohing 
and cleaning land. 

Sea^wa/re, or sea’Aoeed, is washed ashore in vast quantities on 
some portions of the sea-board, and forms a very valuable 
dressing for young wheat and grass-land. Its non-fibrous 
B^uoture allows of a rapid decay, and its large per-oentage of 
nitrogen makes it a valuable manure. It is of greater *^00 
per ton than farm-yard dung. This manure la much used in 
the western counties of England in manuring for potatoes. 
After having been carted from the sea-side to some convenient 
spot, it is allowed to lie and rot before it is carried on the 
ground. The smell of the rotting sea-weed is most offensive ; 
but although it is most unpleasant to the olfactory organs, it is 
not considered to be unheidthy. 

Composts have been already referred to. 

Cuano, or the excrements of sea-fowl, amassed under favour- 
able conditions for many ages, varies in ^composition aooording 
to the olimatioal infiuenoe under which it has been formed. 
Peruvian guano is highly nitrogenous, and contains also a large 
per-oentage of phosphates. Guano is applied as a top-dressing 
to cereals and grasses, and in the north of England and Scot- 
land is largely employed in turnip oultivation. It is applied 
at the rate of 2 to 4 owt. per acre as a top-dressing, and in 
oonjunotion with superphosphate and farm-yard manure for 
root-crops. 

Hair, shin, horn, wool, blood, Jish, etc., are all employed, 
either as prepared manures or mixed with earth, and applied 
as composts. These Bubstanoes are largely used in the oultiva- 
tion of hops. 

Sulphate and Muriate of Ammoma and 8ulpho»muriate 03 
Atmnonia . — These highly-nitrogenous manures ore peculiarly 
adapted for grasses and oeroals. They may be applied as 
spring-dressings, at from 1 to 2 owt. per acre. 

Nitrates of Potash and Soda , — The former is rarely used, on 
account of its high prioe ; the latter is one of the most effective 
wheat manures we poBsess. It must be applied in the spring, 
as it is apt to waste through the soil when subjected to long- 
continued rains. It should be sown at the rate of from 1 to 
2 cwt. per acre. 

Common salt is supposed to increase the strength of straw 
in cereals, and it has a marked effect on mangel-wurzel growing 
on light soil. The effect of oommon salt is, however, exceed- 
ingly various, and sometimes injurious (Anderson). It may 
be used at the rate of 5 cwt. per acre. 

Salts of Potash, Kainitc . — Owing to the discovery of crude 
potash salts in Germany, potash is now offered at a cheap rate 
to farmers. Its value is not yet thoroughly appreciated, but 
it is likely to prove very valuable as a manure for potatoes, 
olover, and probably other leguminous plants. 

Superphosphates, Dissolved Bones, Mineral Superphosphate, 
— These substanoes are more generally used than any of the 
other portable manures. It is by means of superphosphates 
that the swede and tnrnip crop is principally raised. These 
manures are also beneficially applied to g^s-land, where they 
sweeten the herbage rather than increase its bulk. For cereals 
their use is somewhat doubtful, but they are used for this pur- 
pose in ooiftbination with nitrate of soda. 8 owt. per acre 
is a fair dressing for turnips or swedes ; sown with the seed, 
and either mixed with ashes (burnt soil) or water. 

Inch and Half-inch Bones, Bone-dust — The timid farmer, 
who fears to trust himself in hands of the manufacturer, or 
who is unable to read a ohemical analysis, prefers the genuine 
and visible bone to the impalpable superphosphate. Bones 
may be at once applied, or dissolved at home by means of 
sulphuric acid. They form an excellent turnip manure, and 
half a ton per acre applied to grass-laud is a good permanent 
improvement. 

Lime may be applied in the form of marl or ohidk, or it may 
be calcined in a kiln, and distributed over the land as slaked 
lime. (See onr second paper, page 171.) 
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OBJECT DRAWING.— V. 

It will hare baen obserred by the attentiye student that the 
prindplee which govern object drawing are identioal with those 
which have been eiplained already in onr lessons in ** Praotioal 
PerspeotiTe,'' and that mnch which is said in the present series 
ol leimons has been already laid down in detail in that all- 
important sobjeot, which may well be termed the ** grammar 
o£ dritwing/* It must, however, be remembered that the aim 
of each series of lessons is different, and that in ** Object 
Drawing ” the pupil is taught to apply in delineating models 
and other subjects, truthfully and readily, but witlmut rule 
and compass, the various r^es and processes that he has 
worked out by the aid of instruments 
in our lessons in ** Praotioal Per- 
spective.” 

We now proceed to apply the prin- 
ciples which were laid down in the 
last lesson. 

Fig, 81.-— In this esample it will be 
seen that a 6 is the edge of a cube 
which is nearest to the spectator, and 
this must therefore be drawn ol its 
proper length. 

Now from a and 9 draw Unes to 
the horisontal line, which, in this 
case, is above the object. The vanish- 
ing-points will now be outside of the 
paper. 

The cube is supposed to be placed 
at equal angles ; but, as the eye is a 
little towards the right side of the 
object, the line a d will be longer 
than a c, and thus the right side of 
the model will be represented as it 
would actually appear — wider than 
the left. 

Having completed the base of the 
cube a c e d, and raised the perpen* 
dionlars cf and d from / and g draw 
lines to the opposite vanishing-points, 
and their intersoetion will ^ve the 
distant angle of the upper surface of 
the cube. 

In this quadrilateral draw dia- 
gonals, and at their intersection raise 
a perpendicular. On this mark the 
height of the pyramid, which will be 
completed by drawing lines from the 
apex to the angles of the upper sur- 
face of the cube. 

Fig. 32. — This is the slab already 
drawn in a previous lesson (Fig. 24), 
and will require but little explana- 
tion. It stimds on edge, its sides 
being parallel to those of the cube ( Fig. 

81) : and therefore the lines which are 
Kc^ontid in the model vrill converge 
to the vanishing-points belonging to 
Fig. 81. 

It must, of course, be borne in 
mind that whatever may be the 
inolinatiou of these surfaces to the picture-plane, so long as 
the edges are horizontal — ^that is, parallel to the grtmnd—^ 
their vanishing-points must be on the horizontal 2#i6. 

The student must understand that when the term “ hori- 
zontal ” is used in relation to the ohject^ it is meant in a diffe- 
rent sense from ** horisontal ” in the drawing. Thus in Fig. 11 
(page 132), the upper and lower edges of the front square of the 
cube are horiwnial in the model, and are rendered horisontal 
in the drawing because tho surface is parallel to the picture- 
plane ; but the upper and lower edges of the right-himd side 
of the cube are horisontal also in &e model ; y^ as th^ are 
at right angles to the picture-plane they are drawn to the 
point of sight. Again, ^e lines a* d, V c, V s, and a fin the 
Biodsl (Fig. 82) under considwation, are all in reality hori- 
■ontal lines; but being inclined to the picture-plane, they 
converge to the vanishing-points as already shown. 



Fig. 83 is an equal-sided triangle or prism standing on its 
end, one of its rectangular faces bei^ parallel to the plane of 
the picture. 

Now it is evident, that if a sheet of. glass were placed ver- 
tically so as to touch the perpendicnlar ah m 81, and 
a'" 6*' in Fig. 38, the sides of the triangular prism wo^ reoede 
from it more suddenly than would ttose of the cube, beoause, 
as shown in Fig. 34, the angle between the faoe ol the onbe 
and the picture-plane wonld be 45^, whilst in the case of the 
triangular prism (Fig. 86) it would be 60^. 

Therefore the vanishing-points for the triangle will be nearer 
to the perpendicnlar thw they would be if the object to be 
represented were a cube. The width of the sides must depend 
on the position of the epectatenr ; but 
however much the eye may be moved 
to the left or right, the points e d 
and ef must be on the same horisontal 
lines so long as the object is placed 
at equal angles. 

The student is urged to remember 
that the present coarse of lessons is 
not by any means intended to super- 
sede, or to be a substitute for, the 
study of perspective pre^r. Its ob- 
ject is (1) to give general elementary 
notions of solid forms to beginners, 
and by showing them the absolute 
necessity for rmdly scientifio know- 
ledge, them on gradually to the 
more severe studies of projection and 
perspective; and (2) farther, it is 
hoped, that to those who have already 
from onr previous lessons acquired 
some knowledge of perspective as a 
science, the studies herein will afford 
opportunities, for carrying out by the 
hand and eye alone the prinriples 
which they have previously worked 
out with the assistance of rule and 
oompass, and will suggest to them 
the method of sketching the thou- 
sands of objects which they see 
around them. 

Again and again it is earnestly im- 
pressed on all who would really derive 
from these lessons all the benefit in- 
tended, that they must ^ not merely 
copy the figures ; but that they should 
plaro the models, and draw directly 
from them; and further, when they 
have mastered the objects in the pre- 
scribed positions, they are advised to 
change their places and apply the 
principles which have bm laid 
down. 

We now proceed to speak of the 
method of drawing circles and cylin- 
drical bodies, and must at the onset 
remark that perspective does not 
deal with circles or other curves as 
such, but requires that they should 
be enclosed in rectangular forms; 
these are then put into perspective, together wi^ the points 
in them through which llie curve passes. In the case of a 
circle, the nearest rectangular form which can enclose it is a 
square ; and we will therefore show the method of drawing 
a oirole by this means. 

In Fig. 86 is a oirole which we require to draw when lying 
horizont^y below the eye of the spectator. 

About the oirole describe the square ▲ B D o, and in it draw 
the diagonals A d, b c, and the diameters b t and o B. Now 
proceed to the sketch (Fig. 37). From a' and b' draw lines to 
the point of sight. Draw the line o' d', representing ihe back 
of the square. Draw the diagonals a' d' and s' o', and the 
diameters B v', a' A'. 

Having pro^eded thus far, return to the original fignre, and 
draw the lines e and / through the points whtste the oirdto 
passes through the diagonals^vis., g, i, h, j. 
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Mark dt on Fig. 57, from and s', the distance ▲ s or b/~ 
Tis., A* s' and s'/; and from these points draw lines to the 
potot of light. These lines, passing through the diagonals, 
' giro the points /, h', f. 

Bight points are thns obtained — ^ris., s', p', o', i\ r'ti', a!', 
and h\ Throngh these the onrre is the perspeotiTe 

Tq;yr6sentation is to be drawn. 


is parallel to the picture, imd therefore retains its geometrioal 
shape. Tarions methods for oonstmoting polygons are glrer 
in lessons in “ Praotioal Geometry aiq;»lied to linear Dran^,** 
and it is assnined that the student has already acquired this 
knowledges if not, he is urgently adsised to commence the 
study at once, as it is the bai^ cl all other useful drawing. 

The flgnres in the present study aiw not, however, intended 



Fig. 39. 



Now, as the circle just drawn is shown to be described in a > to be constructed geometrically, but the knowledge of the prin- 
plane square, it is clear that a cylinder would be contained in dples will materiaUy aid in the rapid and oorreot delineation, 
an oblong block, the ends of which are squares. Having, then, drawn the octagonal end, draw lines hrom the 

Proceed, therefore, to sketch such a block (Fig. 88), and, angles to the point of sight ; and it will be remembered tW 
guided by the knowled^ of the principles laid down in Figs, the distant end, since it is parallel to the near one, retains its 
36, 37, dmw the elliptical figures representing the upper and regular shape so that no further instruction will be necessary 
lower ends. to complete this object. 



Great care must be taken in drawing the perpendiculars ; 
they must join the curve in a smooth manner, so that no sharp 
poi^ of junction is visible, and yet the object must not appear 
as if it were rounded off at the bottom, which gives a oyl^der 
an unsafe or sack-like appearance, and makes it look as if it 
would not stand upright. 

It is needless to say that a cylinder placed horizontally would 
be drawn in a sunilar method; the position of the oblong 
being changed according to that of the cylinder. 

Fig. 89. — ^This is an octagonal prism. The end of the prism 


Fig. 40 is a perspective view cff a cone. Having drawn the 
figure (^tabling the base, draw diameters, diagoniUs, etc., and 
raise a perpendicular from the intersection. 

Trace the curve in the quadrilateral, and draw the lines for 
the surface of the oone. 

It is needless to say that these straight lines, enclosing 
curved forms, are only to be used as guides in the early stages 
of study ; but a very little practice will soon enable the student 
to sketch the reqnii^ form at once, using merely a horisontal 
for the diameter. 
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THE ELECTRIC TELEGRAPH.— XII 

KOtTBU'S P&mriNa TILICHUWI — BUGHBS’s WSTETTIIENT — IK- 
•TftVlKlNTS VBSD AT PBS81NT TlXl IK OBXAT BBXTAIK 
— •AmiUKOEXBKTB AT OXKTaAL OFFIOV IK LOKDOK. 

Txa alplukbetioal or nniTertal telograpH we hare just described 
is admirably adapted for nee on private lines, and baa been 
eitensiyely adopts. For ordinary telegrapbio purposes, how- 
ever, it is far iirferior to the single-needle and Horse instromenta, 
as a less degree of speed is attainable by it ; and, at the same 
time, its more complioated oonstraotion renders it more expensive 
and liable to get out of repair. The eleotrio current, too, is 
produced by induction from a permanent magnet, and is there- 
fore too weak to be used on long lines. 

Many attempts have been made to produoe an instrument 
(hat should print its messages in ordinary printing oharaoters, 
so that the strip itself as received might be sent out of the 
office without the labour and risk of transcribing. In Bonelli’s 
printing telegraph, already described, this is accomplished ; but, 
as we saw, five line-wires are required instead of one, and the 
instrument is thus rendered of little practical value. Several 
otiksrs have been devised to attain the same end with one wire. 
In most of these the letters of the alphabet and other signs ore 
engraved round the edge of a steel type-wheel, which is made 
to revolve by clockwork, and the motion of which is controlled 
by means of a scape-wheel and an electro-magnet, somewhat in 
the same manner as in Breguet's instrument, described in our 
last paper. 

This type-wheel revolves against an inked roller, and is made 
to stop when the letter to bo printed is opposite the paper 
strip. The strip is then, by moans of suitable mechanism, 
pressed against the inked type, and thus the letter is printed. 
As the strip recedes from the type, it is drawn forward a short 
distance, so as to be ready to receive the next letter. One 
blank spaoe is left in the typo- wheel, and this leaves a blank on 
the paper. By sending ^^s on intervid is left between the 
different words of the message. 

An instrument of this kind, invented by Mr. House, of Hew 
York, was extensively adopted on many American lines. The 
contact-wheel by which the currents were sent was divided 
into twenty-eight spaces, for the twenty-six letters, the full stop, 
and the +, which left a blank on the recording strip. Each 
alternate space was then out away, so that it really became a 
wheel with fourteen teeth. A spring was pressed against these, 
so that the contact was alternately made and broken at each 
letter. On the axis of this wheel was placed a cylinder, with 
twenty-eight pegs fixed at equid distances in a spiral line 
round it. 

The letters were engraved on the notes of a key-board, some- 
what resembling that of an ordinary piano ; and when any one 
was pressed down it raised a cam, which caught against the pin 
on the cylinder corresponding to its letter, and thus arrested its 
motion at the right moment. In the receiving instrument the 
paper was pressed against the typo by a mechanical arrange- 
ment, and not by an electro-magnot, as is done in most similar 
instruments. 

Hughes’s printing telegraph is a very great improvement on 
this instrument, and is now in constant use on many important 
lines, especially on the Continent. It is the only instrument which 
prints its messages in ordinary type that is now employed, if we 
except the small apparatus used for circulating exchange nows. 

The principle on which it acts is to ensure the synchronous 
movement of on inked typo-wheel at each station. In this 
there is, of course, great praotioiEd difficulty ; but •it has been 
fully overcome, and though the type- wheels make 120 revolu- 
tions a minute, they keep time with the greatest accuracy. 

The regulato employed for attaining this uniformity of 
motion oonsista of a spiral vibrating spring, firmly fixed at one 
end. The type-wheels are set in motion by a heavy weight and 
a train of olookworic. A small fly-wheel ^ven by this is con- 
nected to the free end of the vibrating spring, so that the greater 
the motive power the greater will be the arc of vibration, but 
ita rate'wiU remain uniform. In order to adjust it accurately, 
a small sliding weight is placed on the spring, and this con 
eai^ be moved and damped at any required place. TJiia 
spring, therefore, acts iu the same way as the pendulum in an 
ordinary dock, and is capable of as deUoate a^nstment. 


Even with this, however, the ^j^wheel m^ht be Tory 
sHgbtly out of position, and thus would not print the letter 
dmly. A wheel with wedge-shaped teeth, known as a ** cor- 
rector,” is therefore mounM on the seme axis as the type- 
wheel ; and just before any letter is printed, a wedge-shaped cam 
siarikeB between the teeth of this, and forces it into its exact 
position. This correction takes plaoe at evei^ letter that is 
I printed. 

I The construction of the whole apparatus is far too oomidioated 
; to allow of the details being explained in the short space at our 
; disposal, and almost any description would require an instrument 
I by the side to render it perfectly dear. Its plan of working 
may, however, be easily understood. 

I The letters and signs are engraved on a key-board idmilar to 
that employed in House’s instrument ; two letters are, however, 
placed on each key, and there are two blanks. Either sign may 
then be sent at pleasure, according to which blank we depress. 
In this way fifty-four different characters, oonsisting of the 
letters, numerals, and various sigpiB, ore sent with twenty-eight 
keys. On the typ^'^beel the letters and figures are pla^ 
alternately, and by a suitable arrangement either can be printed 
at pleasure. 

the centre of the instrument is a horizontal brass disc, 
with a number of radial slots out near the oironmferenoe. These 
correspond to the signs on the key-board, and as any key is 
depressed a pin oonneoted to it by means of a lever is raised 
through the oorresponding slot. Above this diso is a vertioal 
shaft, revolving simnltaneonsly with the type- wheel, and carrying 
a contact-making arm. As this revolves it comes in oontaot 
with any pin that is raised, and immediately causes a current 
to pass along the lino-wire. This onrrent sets free the printing- 
gear at each station, and thus oausos the required letter to be 
printed. The keys corresponding to the successive letters of 
the message are then pressed down, and these ore in like manner 
printed. In the typo-wheel is a blank oorresponding to one of 
the blank keys ; this is sCnt at the end of each word, and leaves 
a spaoe between it and the next. In tbis way the messago 
is transmitted at a considerable speed, it being found that 
thirty or forty moBsages per hour may easily be sent by the 
instrument. 

The electro-magnet which sets free the printing-gear is of 
peculiar construction. As the type-wheel revolves very rapidly, 
it is important that the paper should bo brought into contact 
with it and again withdrawn os quickly as possible. A per- 
manent horseshoe magnet is therefore employed, and has soft 
iron polos fitted to it, and wound round with fine wire. A spring 
on the armature tends to keep it away from the poles of the 
magnet. The tension of this is capable of adjustment by 
means of a screw, and it is so arranged that when the armature 
is against the poles the permanent magnetism is jest sufficient 
to maintain it there despite the rosistanoo of the spring. As 
soon, however, as the current travels round the coils, this 
permanent magnetism is reversed, and the keeper instantly flies 
away. In doing this it unlooks the printing-shaft, and idlows 
the strip of paper to be rapidly pressed against the type-wheel 
and again withdrawn. By this latter movement the keeper is 
brought back again to the poles, and retained there till liberated 
by a fresh onrrent. 

The printing-goar is so arranged that at each letter printed 
the paper is drawn forward a short distance, so as to be ready 
to roooivo the next letter. 

The atrip of paper printed in this instrument is out up, 
gummed to one of the ordinary message-forms, and sent out. 
No. record is thus retained in the reoeiving-offioe, but this is 
not of much importanoo, as the message is printed simnlta- 
neonsly at the offioe from which it was sent, and the strip there 
is carefully preserved, should there bo any need to refer to it 
afterwards. Before oommenoing work each morning a few 
blanks are sent, that is, the same key is pressed down several 
times in snocession. If these print the same letter at each end, 
the vibrating springs are oorreotly adjusted ; if not, they must 
be altered, and then all is ready to commence work. In order 
to start the type- wheels simnltaneonsly, a catch is provided, and 
by pressing on this they can only start from the blank. 

We have now hastily described aU the chief forms of telegraph 
that have come at all into use, and it is hoped the student has 
acquired such a clear insight into their action that he will 
easily understand the principle of any other instrument he may 



COLOUR. 


235 


ttaet wHh. Baoh, lor inttonoe, wo the multiplex telegraphs of 
ICeyer end Bendot in Frenoe, which are modifioatioBs of the 
Morse and Hughes instruments, permitting of Beveral messsgea 
traversing the sa m e line together ; or the duplex and qnadmplex 
systems of working, whereby two or four messages are sent 
i^Miltaneoasly along one wire. 

A short aooonnt of the instruments in use at the Central Tele- 
graph OiBef^ St* Hartin’s-le-Grand, London, will give a good idea 
of the state of the telegraph system in England at the present 
time, and thus serve well to bring these papers to a close. 

In this office there are several hundred instruments of various 
kinds constantly at work, the electricity required being gene- 
rated in batteries which are placed in cellars beneath the 
building. The wires from these are led to the different instru- 
ments as required, under the various floors of the building. 

One portira cd the building is called the Metropolitan Gallery, 
and is set apart for messa^s to and from various parts of Lon- 
don ; a separate division is used for provincial messages. 

DmIu or counters are placed across these rooms from side to 
side, and along these, at distances of a few feet, are placed the 
various instruments, nearly all of which are worked by young 
women. In front of each sits the clerk, with a supply of forms 
for writing ’&e messages on placed in front of her $ and over 
most of ihe instruments in ihe provincial gallery is placed a 
label showing the town with which they are in communication. 

By far the greater number of instruments are the ordinary 
single-needle and the Morse recorder, which have already been 
described. Nearly all of the single-needle instruments are, 
however, now worked with a double tappet, similar to that 
described and figured in Yol. 1., page 401, mstoad of with the 
barrel commutator previously described, this being now almost 
entirely confined to double-needle instruments. 

The commutator is usually fixed in the same case as the coil, 
so that the two tappets or finger-plates project from it in place 
of the handle. The instruments made in this way are cheaper 
and less liable to get out of repair, though many of the clerks 
prefer the older form. 

Morse instruments of every kind arc also to be seen. In what 
might be called the standard forin, the key, recorder, and galva- 
nometer are placed on the same stand ; but there is a very great 
diversity in the form given to the different instruments. All, 
however, act in the same way, as has been fully explained. 

Several of Wheatstone's automatic instruments, somewhat 
modified, may be seen in the Provincial Gallery. In these the 
paper strip is punched in a somewhat different way from that 
already described, the object of the alteration being to allow 
the ortoary Morse recorder to be used either with the key or 
the punched strip. The punching apparatus is so arranged 
that at each blow on the anvil two holes are punched, one at 
each edge of the strip. Wlien a dot is to be sent, these 
holes are placed directly under one another, thus a, while a 
dash is denoted by two placed in this manner, ; S'^d the 
transmitting apparatus is so arranged that those cause one 
current of longer duration to be sent, and so print a dash at the 
receiving station. A middle row of holes is punched along the 
paper at the same time to space the words. The word ** Morse,” 
as punched in this way, is here shown (Fig. 56), the equivalent 
dots and dashes being placed under the various characters. 

0 0 oofo oooooo 

ooooooooooooooooooooooooooooooooooo' 

OO OOO OOO OOO O 

Fig. 66. 

In the same gallery are desks at which a number of the new 
duplex and quadruplex systems may be seen at work, and these 
oonstitute one of the most interesting features of the office, being j 
used ohiefiy for newspaper messages. 

In addition to these instruments, there are a few of the 
American ** sounders," which have been introduced very re- 
cently, and one or two specimens of Brighf s bell instrument. ! 
Speaking roughly, we may safely say tl^t the three principal | 
instruments employed are the single needle, soonder, and Morse. 

Between large and important towns through wires are usually 
provided, so tlmt piessages are sent direct from one to the other ; 
but in a large number oases the message has to be received at 
one instrument and re-transmitted along another line. The wires 
nuidi^ be put in direct communication by means of switches, 


but in pxaotioe it is found far more rapid to recoifh and re* 

I transmit the message. Sometimes a message has thus to be 
telegraphed several times before reaching its destination. 

To save the peat trouble and loss time which would be 
caused by carrying these messages from one part to another of 
I the building, a series of endless tapes have been fitted in the 
i office. These pass round rollers kept in constant motion, and 
I'the message is carried by them. Pneumatic despatch tubes 
I are also used for this purpose. 

Between some City stations, and between this office and the 
West Central district, there are so many messages constantly 
passing that several wires would be required. Pneumatio tubes 
have therefore been laid down, and the message, writtmi in the 
ordinary form, is rolled up, inserted in a carrier i^e to fit 
these, and propped along them to the required station, where 
it falls out of the tube on to a tray placed to receive it. A 
vacuum is produced in these tubes by steam-power, and the 
carrier is sucked one way and propelled the other. 

A large tube has now been laid down between St. Martin's- 
le-Ghrand and the office in West Strand, calling at Temple Bar 
on the way, and many messages are constantly being transmitted 
along this. The plan seems, indeed, to answer so well ihat it 
will probably be extended to other important stations. 

We have thus completed our survey of the English telegraph 
system, and have soon some of the results that have accrued 
from the simple discovery made by Galvani. 

Had any one ventured half a century ago to predict that our 
moRsages would be fioshed at lightning speed to distant conti- 
nents, and auRwors received in the space of a few minutes, he 
would have been deemed mad ; but oven this has now been far 
exceeded. In scarcely any other branch of soienoe has such 
rapid progress been made, and wo are still hearing of fresh dis- 
coverieR ; though there has been but little ohange in the instru- 
ments employed during the last few years. 

COLOUR.— XII. 

By A. H. Chusch, M.A., Professor of Chemistry, Bojal Academy. 

WOODS, AND VSOETABLE FIBBE8--C0L0URS OF ANIMALS 
I AND ANIMAL PRODUCTS. 

We have now to consider the peculiarities of coloured glass. 
Glass, being a vitroons and not a crystallised substance, does 
not present that extensive variety of optical properties which 
characterises many natural gems. It is probably on this 
account that the most perfect and uniform coloured glass is 
not by any means satisfactory or interesting from an artistic 
point of view. Very instructive examples of the bad effect of 
such glass are to bo seen in many painted glass windows, 
especially in those which belong to the earlier period of the 
recent revive of Gothic art in this countiy. Tlie blue and 
other glass is deep enough in colour, but lacks real richness ; it 
is thin and fiat, though staring. There is no fiuctnation of 
colour, no breaking up and scattering of the transmitted beams 
of light. The glass to aooomplish this must be less perf^ as a 
mechanical product of manufacture. If the colour be uniformly 
diffused throughout the glass, the glass must vary in thickness, 
its surfaces must be uneven ; and strim and blebs only improve 
the effect. A glass which is absolutely perfect as glass may be 
rightly devoted to the construction of optical instruments, but 
is incapable of completely realising the poetry of colour. 

The colours of glass may arise from several causes. A fine 
white powder — say oxide of tin — diffbsod through clear glass 
gives it the opalescence of a cloudy medium ; a bluish colour 
being produced by reflected light, and a yellow or red colour by 
transmitted light. Opal glass may vary from a faint oloudinoss 
to milky and nearly opaque white. Another glass, owing its 
peculiarity to solid matter, is known as aventurine glass ; it 
contains glistening crystals of copper. But the colours of most 
transparent glasses are due to thq presence of metallic silicates, 
su 'h at those of iron, copper, cobalt, and manganese. Those 
metals give to glass various tints of green, orange, blue, and 
violet. One metal, uranium, imparts not only a distinct yellow 
colour, but the interestbig property called fluorescence. The 
common ** canary ” glass is a glaas of this kind. Viewed by 
transmitted light it is yellow t but when the solsx beams fall 
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vixm tbii kind of ^Uum, the aotinio nyn axe modified, and axe 
refieoted beck to the ^e ea green light. 

The method of ttaing o(fionred glaaa in windows ahonld be 
limited rery atriotly by the nature of the matei^, ae well aa by 
the oifioe of a window. Die gUes mnet not pretend to ^ a 
picture, nor moat it oontain large abaded or obMured portiona,^ 
opaque or nearly ao to light. Mirote Unea and details of drawing 
axe out of place and naeleaa. A moaaio work of small pieoea of 
glass, separate by bold and firm lead lines, is most effeotlTe. 
If the window is required to let in unmodified daylight, the glass 
may be decorated with firmly-drawn outlines in dark maroon or 
brown upon a white or grey ground, the pattern extending 
through a large number of quarries. Here imd there a m eda llio n 
of richer colour may be symmetrically introduced. Where 
highly-coloured windows are considered desirable, some of the 
ripest and happiest effects are to be obtained by the use of 
blue glass in preponderating quantity, as in the ancient glass 
of Canterbury Cathedrab or of rnby-r^ with blue, as in the 
windows of La Sainte Chapelle, at Paris. Some portions of 
the latter glass may be studied at South Kensington. Where 
the pieces of glass are small, the effect of the contiguous beams 
of r^ and blue light is to produce a result similar to that of 
Tiolet glass, but infinitely richer, more brilliant, and more 

bloomy ; ** while the lead lines prevent a confused mingling of 
the colours when seen more closely. Mosaic work in coloured 
glass is most appropriate and effective. Painting in cTiioro-os euro, 
espeoiidly in monochrome, is radically bad in theory, and un- 
pleasant, to say the least, in result. 

The pocuUority of the colours of porcelain and pottery consists 
mainly in the mode in which they are applied to the yraxet. In 
the case of delft, faience, and majolica ware, the colours are 
painted, as enamel colours, upon an opaque white or nearly 
white stanniferous enamel. Tmsparent or transluoent colours 
on this opaque ground come out with great force ; ufiiile opaque 
colours appear less characteristic than they do upon porcelain, 
and upon translucent bodies generally. Upon earthenware and 
porcelain, designs may be either printed or painted, either under 
or over the glass. Colours printed or paint^ over the glass are 
generally better defined and more brilliant than those which are 
below it. In the decoration of pottery and porcelain, besides 
the use of enamel colours, other decorative effects may be pro- 
duced by means of preparations of gold and platinum, and by 
means of colours mixed with the body of the ware or the glase. 
Some of the most remarkable effects of the latter sort are to be 
seen upon the old Italian lustre-ware plates, and upon the 
modem porcelain of M. Brianohon, imitated at Worcester and 
Belloek, in which oases the iridescent glaze contains a consider- 
able amount of bismuth in its composition. 

A very important series of coloured materials is produced 
directly or indirectly from minerals. Most of the native 
mineral pigments are of a useful and permanent character. 
The compounds of iron, chiefly oxides and hydrates, have 
always b^n largely employed in the arts, and afford a wide 
range of useful colours'-^yellows, reds, browns, maroons, etc. 
The colours derived from copper, such as verdigris and mala- 
chite, are more liable to change by conversion into the black 
oxide and dark brown sulphide of this metal. Pigments made 
out of coloured glass or frit — such pigments, for instance, as 
smalt and ultramarine — are commonly difficult to manipulate 
and mix, but yet are endowed with considerable fixity. Pre- 
parations of lead, such as the carbonate and the chromate, 
white lead, and chrome yellow respectively, are subject to one 
great drawback. This is their sensitiveness to s^phuretted 
hydrogen, which darkens and destroys all the more delioatdy- 
coloured prei)arations containing this metal with considerable 
rapidity. The protection of these materials from change is 
partially effected by covering the particles of which they con- 
sist by a film of oil-vamish, wax, paraffin, or gum, as in the 
ordini^ methods of painting in oil, encaustic, or water. In 
fresco and distemper painting, where lime or size serves to bind 
or cover the pigmentary granules, the action of injurious sub- 
stances upon sensitive materials is more rapid. In stereo- 
chromy, and other methods of silioious painting, the colours are 
less liable to change. But then the range of colours is rather 
limited, owing to ano^er consideration — ^water, glass, and the 
alkaline silicates in general, which constitate the medium 
with which the plgmmts are mixed in stereochromy, or with 
which they ate fixed, alter and destroy many mineral colours, 


such M emerald green, Pruesiaii blue, and <ffironie yelloir. If 
we exdnde such alterable pigments, in^udittg most prepaxa- 
tions <ff lead and copper, and then farther eliminste, for the 
■sane reason, some of the most beantifnl vegetable and animal 
oolonring matters, the residue of a;vailable pigments is indeed 
The point, however, to which we now wish to draw atten- 
tion is not modification of odour by injnrionq atmospheric 
other influences, but the odoar-peouliarities caused by the 
nature of the medum with which the pigmente are Inoorporated, 
or by the optical qualities of the pigment itself. most 
important general characters of pigments reside in their trans- 
Inoency, or opacity, as regards H^t. A transparent pigment 
need be much less saturated or intense to p^uoe a given 
ooionr-effect than tax opaque one. The reason of this wUl be 
dear when the statements made in former lessons are recalled. 
The light reflected from the gi^ound on which a transparent 
odour is laid has to pass twice through that colour ; while 
an opaque odour often reflects, or at least scatters, much un- 
altered white light. The use of clear odours upon opaque 
grounds or painM surfaces is often called glasing by artists, 
and gives a depth, intensity, and richness which cannot be 
exactly attained ia other ways. BewnhUng is the precise 
opposite of this, for in it an opaque colour or white, mixed 
with some oil or other medium, is used to cover partially, and 
so to modify, the clear or mixed odours which have been 
previously laid on. It conveys an idea of distance, or mystery, 
or cloudiness. 

The binding material which unites the particles of a pig- 
ment together, or which retains them on the painted surface, 
may be either opaque or transparent. In all ordinary water- 
colour and oil-colour painting, the binding material is practi- 
cally transparent ; but in fresco painting it would seem that 
the freshly-covered surface acquires a film of carbonate of 
lime (calcium carbonate), which gives deadnesa and opaoily to 
the surface of pictures executed by this method. Something of 
the same kind of effect is produced in the eeveral methods of 
silioious painting, of which the only one which ia of any 
importance, and has been practically employed, is the stereo- 
ohromy of Fuchs. In this process the pigmente are bound to 
the wall, and acquire ooWenoe by ^e obanges which the 
soluble potassium and sodium sUioates used in the process 
under^. They appear to enter into direct combination with 
the zinc oxide or calcium carbonate laid on as a ground or 
mixed with the pigment. The silicate must not be saturated 
with silica, but should be, contrary to the usual opinion, 
strongly alkaline ; otherwise an irremovable silicions bloom 
will shortly disfigure the mural painting executed by this 
process. The w^ slate, plaster, or stone to be decorated 
should be wetted with baryta-water, painted with the pre- 
viously-tested colours, and then, when cby, syringed with a fine 
spray of the fixing silioious solution. This syringing is re- 
peat^ at short intervals, until no trace of colour can be 
removed with a dry or wet hard brush applied to the pitting. 
If a saline bloom appear after a time, it should be removed 1^ 
means of sponging with distilled water. If a hard white 
silioious bloom mar the brilliancy of the colours, no chemical or 
mechanical method ia competent to remove it. But in tlus 
case the appearance of the injured fresco or stereochrome 
picture may be greatly improved by a process which the writer 
of these lessons invented in 1856. It consists in the use of 
paraffin, driven into the picture by heat, or applied in the form 
of solution, by a brush or in spray. The solvent used may 
be either benzole or mineral turpentine. Some fine copal 
or dammar varnish is a desirable addition to the solution. 
In this way old distemper paintings may be preserved from 
destruction. The effects of damp and decay are arrested, and 
the colours may actually acquire more than their pristine 
beauty. In fact, this process converts the opaque binding 
materials of the paintixig into transparent or tnmeluoent ones. 
It is scarcely necessary to say that all colours, oils, and var- 
nishes should be tesM before they are used, if their colours 
and appearances are to remain nneffianged. No soluble saline 
matters should remain in pigments; they ought to be tried 
alone and mixed with others, to see if they alter or fade 
when exposed to sunlight, ^e oils and varnishes must be 
examined to see whether they darken, or if they irregularly 
contract on drying, and so forth. But we must not dwell 
further ou the chemistry of pigments, of grounds, and of the 
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mtdi» and method! of pamting, for ihii enljeot require! a 
▼olnin! to it! adequate treatment Yet we moat add a word | 
or two on a mtoeot of the ntmoet importenoe to artiat!, and to 
t^ioee who are engaged in oopjing picture!. Aa the odour! 
whibh we aee ere modified anhJeotive]y« it ia neoeaaarj that 
^ey ahoold not be reprodnoed aa we aee them, but aa they 
aotuaJly exiat Ihe high light! of a blue robe may appear 
yellow or orange to ns, and yet oould be copied only by the 
uae of a lighter tone ol bine. So the high light! of a face 
may giTO by way of oontraat a greeniah hue to ita ahaded 
parin, although thia effect would not be i^roduoed, but groaaly 
exaggerated, by mixing aome green with the grey of theae 
parta. 

Ihe moat oonapiouona colour! belonging to flowera are uaually 
Tery fleeting, and cannot be utiliaed for deooratiTe pwpoaea. 
Generally, to^ they are particularly liable to alteration by aoida 
or alkaUee^-becoi^g red under the influence of the former 
agenta, and blue or green by the action of the latter. Thia pro- 
perty haa been tum^ to account in chemical teatings one of the 
beat teat-papera being prepared from that beautiful crimaon- 
foliaged plant, the Coleus vershaffeltii. The atema of the plant 
are bruii^ and extracted with apirit; then white blotting-paper 
ia aoaked in the aolution. The laTender-grey of thia paper becomes 
red wiGi aoida, and green with aoda and other alkaliea. In the 
copper-beech and the dark portiona of aome aonal geraniuma, we 
have the ordinary green cdouring matter of leave!, cdled 
chlorophyll, mixed with a crimaon colouring matter, the combi- 
nation producing a kind of deep maroon. The extreme beaniy 
of the colours of many flowers depends in part upon their pecu- 
liarities of structure. The cell-walls within whi(^ the vegetable 
pigments occur are often extremely thin, and present a soft yet 
glistening aspect, which enhances and varies the colour-effeota 
of their contents. Thia aspect, though often called crystalline, 
in no degree arises from any structure to which this term can 
be appli^. Some very beautiful and yet permanent ooloqring 
matters are, however, obtained from plwta, though theae do not 
always contein them ready-formed. As instances in point, we 
may oito indigo and some of the madder colours. 

Ihe vegetable fibrous materials used in the manufacture of 
textile fabrics are generally white or pale yellow, but may be 
dyed of any colour by suitable processes. In some oases the 
dyeing material may be made to enter a central cavity in the fibre ; 
but usually colouring substances can be made to adhere per- 
manently to vegetable fibres only by means of a mordant, first 
of all, a substance such as tin peroxide, having an attraction for 
colouring matter, is precipitated upon the fibre, and then it ia 
immersed in a dye-bat^. The colouring matter is withdrawn 
from the liquid, and adheres firmly to the mordanted fibre. The 
lustre of vegetable fibres is usually not very marked, and is 
diminished in the process of dyeing them. linen, the woven 
fibres of flax, does, however, reflect the light which falls upon it 
with considerable power, particularly in certain positions. A 
pattern may thus be made in which the strands which form the 
warp may be contrasted, not only as regards colour, but as regards 
lus^, with those of the woof. Under theae condi^ona damasked 
linen, just like silk damask, may exhibit a curious optical illusion. 
If a white warp* and a red woof be associated, it w^ be noticed 
that in certain lights the white parts of the fabric assume a 
bluish-green tint, acquiring, very distinctly, the tint comple- 
mentary to the dyed threads, the effect being enhanced by the 
difference of lustre dependent upon the way in which the light 
falls upon the fabric. Sunilar but still more decided effects 
are seen in fshtios in which lustrous silk and dull cotton or 
wool are assomated. Nor should we here neglect to allude to 
the peculiar mingled tones produted by the repeated recur- 
rence at short intervals of similarly coloured strands in a fabric. 

The colours of woods are usually subdued, but varied. Much 
ot the beauty of some woods depends, however, rather upon 
texture and lustre than upon colour. In furniture, and the 
general decorative treatment of wooden construction, much may 
be made out of the combined use of these two qu^ties of lustre 
and colour. One wood dark, and of lustrous texture, may be 
introdnoed in the form of bosses, panels, or mouldings into a 
framework of an opaque and light wood. So woods of distinct 
pattmms may be associated with those which possess an uni- 
form appearance. The colours of woods are, indeed, brought 
out b7 Tarnishing and oiling ; but the former of these pro- 
' I! a tendency to ohe^ those alterations of tint which 


often render old specimens of woodwork far mor^ beautifiil 
than new. 

The colours of animal products are usually less changeable 
than those of vegetable products. Xu some cases, notably te 
the case of the humming-birds, the luilliaat, almost metelUo, 
colours of the animals are due rather to the optical structure of 
the coloured substance and surface than to any actual colouring 
matter* Instances, however, do occur, as in the plaintain-eaters. 
or touraooea of Africa^ where a colouring matter may be actually 
mttraoted from the brilliant plumage of birds. The colouring 
matter of these birds was discovered by the present writer, and 
found to resemble the red colouring matter of arterial blood 
(eruofin) in some respects. It is especially remarkable as con- 
taining a fixed per-oentage of the metal copper. White feathers, 
l^e other anin^ products, may be dyed without any mordimt, 
silk and wool being particularly characteristic examples of 
this fact ; ivory, bone, and horn may be noticed in the same 
connection. 

If our treatment of the subject of colour haa sometimes 
seemed to our readers to have been destitute of practical value, 
we yet trust that the principles laid down will serve to furnish 
a guide, at once effective and safe, in the arrangement and study 
of coloured compositions, both pictorial and decorative. Further 
information may be gained, both aa to textile fabrics and paint- 
ings, from ** The Laws of the Contrast of Colour,'* by M. Chevreul ; 
while Dr. £. Bnicke’s treatise on Colours,” which may be read 
in the French translation of Dr. Sohutienberger, enters more 
fully into the physical and physiological matters connected with 
this subject. Besides the papers of ^e late Dr. George Wilson, of 
Helmholtz, and of Professor Clerk Maxwell, we have two excellent 
works from the pen of Mr. W. Benson. These latter are entitled 
respectively, the ” Principles of the Science of Colour," and a 
“Manual of Colour," and deserve careful study. Nearly all 
these works contain something about the singular condition, to 
which we have been able to allude but cursorily, known m 
D altonism, or colour-blindness. A nomenclature of colours, 
unfortunately imperfect, will be found in Brooke and Miller's 
“ Manual of Mineralogy; ” but it ia greatly to be desired that 
the names used to indicate the most important varieties of 
colour should be applied in a more definite manner. 


SANITARY ENGINEERING— V. 

SUNBUENERS. 

In some previous papers, having for their subject “ Gas ” in its 
various phasos of use — as a manufacture, as an economical 
means of lighting, etc. — we have given technical details bearing 
upon different aspects of the subject. The question before us — 
the use of sunburnors — has special reference to the lighting of 
large public buildings, theatres, churches, manufaotexies, or 
any large room, where the cost of the light is not so much an 
object as that there should bo a good diffused general light, and 
plenty of it, and that this result should be obtained without 
interfering with the ventilation, or, in other words, that the 
products of combustion, the carbonic acid gas and other fumes 
which produce the closeness in all large gas-lighted spaces pf 
which we now so constantly complain, should be efficiently 
removed ; and this result is surely and efficiently attained by 
the adoption of the “ sunbnrner." 

In some of our previous papers economy in consumption has 
been the point in view. In this case that haa to a certain extent 
to be diwegarded, a thoroughly good light, combined with 
efficient ventilation, being the object sought after in all pubUc 
undertakings, the mere cost of gas burnt being a somewhat 
secondary consideration under the circumstances. 

The burner consists of a number or group of union jot burners, 
commonly called fish-tails, arranged in the form of a circle or a 
star, larger or smaller according to oircumstanoes, but so placed 
as to throw out their flame horizontally and not vertically, the 
draught of air being regulated accordingly. These were origi- 
nally, ,on the first introduction of this method of lighting, plao^ 
under a funnel made of sheet iron with a short pipe rising from it, 
which was encased by a larger funnel, from which a pipe, ao^g 
as Gie flue of the sunbnrner, was taken by the most convenient 
route to a communication with the external air. 

When first used these funnels, being made throughout of iron, 
threw up on to the ceiling a very dense shadow, which, when it 



THE TECHNICAL EDUCATOB. 


wM neoesMJfy to fix the ■tmbnnier, as is sometimes the caBe, at 
some distance below, interfered vwy much with the arohiteotnxal 
deooratiTe effect of the xoom. This difficulty has been overoome 
by perforating these casings throoghont their surface with a 
series of openings, and filling the openings thus made with 
sheets of mica, thus allowing the light to be distributed while 
confining the air. The great heat alimys generated by the 
light produces a strong up draught, not only removing the pro- 
ducts of combustion, but crea^g in the space between the 
inimr and outer shaft a current which keeps up a constant drain 
upon the heated air in the upper portion if the room. 

In the earlier stages of the invention it was found, however, 
that when the gas was not lighted a strong down draught of 
cold air constantly passed down the pipe. A valve was then 
provided in the inner tube to control the draught, which, in the 
first instance, was moved by hand — opened at night when the 
gas was light^, and shut when it was turned off. There was, 
however, this risk, which was a serious one : if by any accident 
the valve was left shut after the gas was turned on, ihe portion 
of air below it gradually became mixed with until the 
mixture acquired that character well known as a highly explosive 
compound, and from which all the gas exploBions of wbdoh we 
are constantly hearing arise. 

Finally, a self-acting valve was invented, acting by the pressure 
of the gas in the supply-tubes on inverted vessels floating in 
mercury. When the gas is turned on this opens the valve, and 
when turned off it shuts it. All risk of explosion is thus 
avoided, and down draught effectually cut off. For obtaining a 
large b(^y of fixed light in any given situation the sunbumer, 
wi& these improvements, is u^oubtedly one of the best, if 
not the best, means at our command. 

In introducing the stmbumer, however, the risk of fire has 
always to be provided against, as the heat generated is so great. 
In London the Building Act requires a space of nine inches 
between the flue and any combustible material ; but this is more 
than is absolutely requisite, as half that space is sufficient for 
safety ; and in the North it is not uncommon to have three or 
more wrought-iron tubes enclosing each other, each with air- 
space between, this forming a perfectly efficient protection. 

The fittings of the burners should be adapted to the archi- 
tectural character of the interior where they are used, and this 
is a point that has been carefully studied by different manu- 
facturers, so that either a classical, or Gothic, or other character 
has been given to the decorations required either around the rim 
of the funnel surmounting the burners, or over the general sur- 
face of the tubes whore visible. There are also many artistic 
designs for the adaptation of glass lustres to sunbumers, which 
may thus be rendered equal in effect to the most elegant chan- 
deliers or pendants, suitable either for the drawing-room, the 
ball-room, or the theatre. For ordinary household purposes — 
i.e., for small rooms anything less than twelve feet high — we do 
not recommend the introduction of this method of lighting, as 
the great heat generated in the flues, which have to be conducted 
through the narrow space between floor and ceiling, has a marked 
effect both upon the timbers of the floor and the atmosphere of 
the room above, and the light required can be more economi- 
cally and efficiently attained by a different arrangement of the 
burners ; but for large public buildings where an audience has 
to be accommodated, or in large reoeption-rooms which have the 
necessary elevation, good light combined with efficient ventila- 
tion can be more readily obtained by this adaptation of gas- 
lighting than by any other. 

For billiard-rooms, where sectional height permits its intro- 
duction, it has been found successful, and in one or two 
public buildings it has been adopted, we understand, with the 
most satisfactory results. In one large public room which 
we have seen a series of sunbumers are architecturally arranged 
so as to form centres in the various panels of the ceiling, 
which is highly decorated with gilding, colour, and figure- 
painting. Again, in the shop,** as it is professionally termed, 
of the Bank of England, at the comer of Threadneedle Street, 
a series of pendentives are arranged ; the ceiling is groined, 
ciroul^, and of high architectural pretensions ; and the ter- 
mination of each pendentive forms a very fitting position for 
the introduction if the sunbumer, which is fixed at that 
point. 

When provision is made in the erection of a new building for 
the introduction of this method of lighting, the oost will scaroely 


exceed that required for any other method, as the reqtdsite 
fittings need not be more expensive than those ordinarily in uie 
for other arrangements for lighting ; and by a well-considered 
arrangement of flues the up draught of the sunbumer maybe 
made, in its genend action, to assist the ordinary ventilating 
flues. 

MThen a building already erected hae to be thus lighted, of 
course care is required in the detail of construction to avoid 
risk of fire ; bnt t^t once duly provided fpr we may safely say 
that for large rooms for public purposes the sunbumer is the 
most ^oient appliance of the day. 


NOTABLE INVENTIONS AND INVENTORS. 

XVL~THB DIVINa-BELL. ' 

BY JOHN TIMBS. 

Thb contrivance of apparatus for enabling men to dive, or 
descend beneath the surface of water, to a greater depth, for a 
longer space of time, and with less exertion and danger, than 
is possible by the unassisted power of the body, long exercued 
the ingenuity of mankind in past ages. About half a minute is 
the longest period during which niost individuals con safely 
remain under water — in ff^, can live under water — ^without some 
provision for the supply of air for respiration. Experienced 
divers have never, with few exceptions, remained under water 
more than two minutes ; and although exaggerated statements 
are given of divers remaining for hours under water, six minutes 
is about the longest time o{ embmersion of which any trust- 
worthy account 1^ appeared in modem times. 

The sponge-divers in the Archipelago take down in their 
mouths a piece of sponge soaked in oil, as a means for assisting 
the diver to see when nnder water. In still water, light is 
frequently transmitted to a great depth; bnt when the surface 
im disturbed by waves, it is mnoh obstmoted. To ensure a good 
light, which may enable the diver to find objects of his search 
without delay, it is stated that he ejects a little oil from the 
sponge, and tMs oil rising to the surface, and spreading upon 
it, calms the waves in a most remarkable manner, and occasions 
a brilliant light at the bottom. 

Among the earliest plans is that mentioned by Aristotle, who 
is supposed to intimate that in nis time divers used a kind of 
kettle to enable them to continue longer under water; bnt 
Beckmann places little reliance upon this statement. He adds, 
that the oldest information we have of the use of the diving- 
bell in Europe is that of John Taisner, quoted by Schott, in his 
** Teohnioa Cnriosa,’* Nuremberg, 1664, in which Taisner n^tes ; 
** Were the ignorant vulgar told that one could descend to the 
bottom of the Bhine, in the midst of the water, without wetting 
one’s clothes, or any part of one’s body, and even cany a lighted 
candle to the bottom of the water, they would consider it alto- 
gether as ridiculous as impossible. This, however, I saw 
done at Toledo, in Spain, in the year 1588, before the Emperor 
Charles V., and almost ten thousand spectators. The experiment 
was made by two Greeks, who, taking a very large kettle sus- 
pended by ropes with the mouth downwards, fixed beams and 
planks in the middle of its concavity, upon which they placed 
themselves, together with a candle. The kettle was equipoised 
by lead fix^ round its mouth, so that, when let down towards 
the water, no part of its oiroumference should touch the water 
sooner than another, else the water might easily have overcome 
the air included in it, and have converted it into moist vapour ; 
but if the vessel were gently drawn up, the men continue dry, 
and the oandle is found burning.” Schott calls the machine 
described an ” aqnatio ketUe ; ” but he also desoribes an appa- 
ratus called ** aquatic armour,” which would enable those who 
were covered with it to walk under water. This apparatus is 
engraved in Schott’s work, and shows a man walking into the 
water, with a covering, like a small diving-bell, over his head, 
descending nearly to his feet. 

In England a diving-macdiine was foreshadowed by Boger 
Bacon ; and his great namesake, Francis Bacon, describes it as 
a reservoir of air, to which labourers upon wrecks might resort 
whenever they required to take breath. He thus describes it : 
— ” A hollow vessel was made of metal, which was 1st down 
equally to the surface of the water, and thus carried with it to 
. the bottom of the sea the whede air it contained. It stood upon 
three feet, Hke a tripod, whkb wwe in length oomeUiing lesa 
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than tha height of % men ; so that the direr, when he was no 
longer able to contain hia breath, oonld put hia head into the 
reaael, and, haring breathed, return tifliXL to hia work." — 
yotmm Orgemwnt lib. ii 

The bell waa next naed in America, in 1642, by one Edward 
Bedall, of Boaton, to weigh the chip Mary Bose, which had 
aunk in the preceding year. Bedall employed two tuba, ** upon 
which were hanged ao many weighta (600 pounda) aa would aink 
them to the ground." ^e trial encoded, and the guna, 
ballaat, gooda, hull, etc., were all tranaported into ahoal water, 
and recorered. Next, tiie poataoript to a rohime by Profeaaor 
Sinclair, Edinburgh, 1688, deacribea ** how to buoy up a ahip 
of any burden from the ground of the aea," and atatea that the 
late Marquia of Argyle, " haring obtained a patent from the 
King, of one of the Spaniah Arma^ which waa aunk in the lale 
of Mull, A.D. 1588, employed Jamea Oolquhonn, of Gl^ow, a 
man of singular knowled^ and akiU in all mechanical arts 
and aoienoea." "This man," he proceeds, "not knowing the 
diring-bella, went down aereral times, the air from abore being 
communicated to hia lunga by a long pipe of leather. He only 
viewed and aurveyed the ship, but I suppose buoyed nothing up. 
Subsequently, the (then) late Lord Argyle employ^ the ingenious 
laird Melgin, who went down with a diving-bell, and got up 
‘^ree guns. A third and more suocoeafnl trial waa made ; and a 
fourth by Captain Smith, who waa so confident of recovering 
the gold supposed to be loat with the ship, that he would not 
admit a co-partner in the enterpriae, whi<^, however, came to 
nothing." 

Among the oldest of repreaentationa of diving apparatus, 
Beckmann mentions a print in " Vegetius on War," 1611 and 
1532, representing a diver with a cap, from which rises » long 
leathern pipe, terminating in an opening, which floats upon the 
water; also, a figure from "Lorini on Fortification," 1607, 
nearly resembling the modem diving-bell, and conais^g of a 
square box bound with iron, furnish^ with windows, and used 
for the diver. In 1617, Bepton'a "water armour" proved 
useleaa. In 1671, Witsen excelled in the construction of the 
diving-bell, which he erroneously states was invented at Am- 
sterdam. In 1679, Borelli, the Neapolitan physician, is stated 
to have invented an apparatus by which persons might go a 
oonsiderable depth under water, remain there, move from 
place to place, and sink or rise at pleasure; also a boat, in 
which two or more persons might row themselves under water ; 
but the practical worth of these machines is much doubted. 

The next claimant upon our list is William Phipps, bom at 
Pemaquid, in 1650. When of age, he built a ship at Sheeps- 
oote ; he afterwards followed the sea, and subsequently became 
Governor of New England. He attempted to raise treasure from 
the wreck of a Spanish ship, sunk on the coast of Hispaniola — 
with what apparatus we are uninformed. His earliest experi- 
ment failed; but be prosecuted his scheme, and at length 
obtained the patronage of the Duke of Albemarle, son of the 
celebrated Monk ; and in 1687, after many difficulties, he suc- 
ceeded in raising a large quantity of treasure, with which he 
returned to England, whore he was knighted for his enterpriae. 
Most accounts state that the property he recovered amounted 
to j 6200,000 ; but in the " Life of Sir William Phipps,” pub- 
lished anonymously in 1697, and attributed to Increase Mather, 
it is stated at £300,000. Thertf is a popular American opinion, 
that the Mulgrave family, of which the present head is the 
Marquess of Normanby, was descended from the above Sir 
William Phipps, which is a mistake : the founder of the Mulgrave 
family being Constantine John Phipps, Commander of the un- 
successful Arctic expedition in 1778, who was raised to the 
British Peerage as Baron Mulgrave, of Mulgrave, County York, 
in 1790. 

The next improver of the diving-bell was Dr. Edmund Halley, 
who in the " Philosophical Transactions " described the defects 
of the bell, and suggested a remedy for them. This paper alone 
.would be sufficient, although it does not enter into the early 
history of the machine, to contradict the erroneous statement 
which has been made, that Halley was the inventor of the 
diving-belL 

The diving-bell, in its simplest form, is a strong heavy vessel 
of wood or metal, made perfectly air- and water-tight at the 
top and sides, but open at the bottom. If such a vessel be 
gradually lowered into the water, in a perfectly horizontal posi- 
tion, the air which it contains cannot escape, and therefore 


the vessel cannot become full of water. This may be readily 
illustrated by plunging a glass tumbler in aa inverted positioii 
into a vesael of water, and placing a piece of cork, or any other 
substance that will float on the sii^aoe of the water, under the 
tumbler. H a bit of burning matter be laid upon the cork-float, 
it win continne burning, although the glaaa and all that it con- 
tains be phmged far beneath the water ; therein proving that 
the upper part of the cavity of the glass is ocoupi^ by air, 
not by water. Still, the water fills a small part of the cavity 
of the glass, and rises more into it when it is plunged to a 
oonsiderable depth than when the rim is only just immersed 
ben^th the surface. This is caused by the condensation of the 
^ contained in the glass, which, being very elastic, is condensed 
into a smaller space by the pressure of the superincumbent 
water, when the glass is plnnged to a oonsiderable depth, than 
it will occupy under the ordi^ry pressure of the atmosphere 
When the ffiving-bell is used for descending to a very smiu 
depth, as the pressure of the water is small, it will not rise in 
the bell sufficiently high to be inconvenient ; but at the depth 
of thirty-three feet, the pressure is so great as to compress the 
air into one-half of its original volume, so that the will 
become half full of water. At a greater depth it will rise pro- 
portionally higher in the beU, but it does not materially inter- 
fere with respiration, provided the descent of the bell be very 
gradual, as the air then balances the pressure from without. 
The principal effect of the increased pressure is felt in the ear, 
for when the oondensed air has found its way into the cavities 
of the ear, the sensation then experienced is compared to that 
of having quills forced into the ears, or as if the ears were 
I bursting. This continues until the pressm^ of the air on each 
I side of the tympanum is balanoed. But while the mere con- 
densation of the air in the boll does not render it unfit for 
respiration, it would soon become so if no means were provided 
for renewing it from time to time, as it becomes vitiated by 
repeated respiration. Dr. Halley provided a remedy for this 
inoonvenienoe, and for that of ^e contracted space left free 
from water, when, by being at a great depth, the air is com- 
pressed into a small volume, by a means of supplying the bell 
with any required quantity of fresh air without raising it to the 
surface. 

The bell used by Dr. Halley was of wood, in the form of a 
truncated cone, the top diameter three feet, and the bottom 
five, and containing about sixty cubic feet. This be ooated 
with lead, and so weighted it about the lower part that it would 
sink while empty, and would always remain in its proper posi- 
tion ; that is, with the larger open end downwards, and its rim 
parallel with the horizon. In the top of the bell was a very 
strong glass window, and a ooek to let out the foul air. About 
a yard below the mouth was suspended a stage, so weighted 
that it might hang steadily. The whole apparatus was sus- 
pended from a sprit attached to the mast of a ship, and pro- 
vided with tackle, by which the bell might be raised or lowered ; 
and the sprit might be slung round, so as either to carry the 
bell over bull of the vessel, or to suspend it dear of her 
side. Air was supplied to the bell when under water, by two 
thirty-six gallon barrels, weighted with lead, to make them sink 
readily ; each having an open bung-hole in the lower end, to let 
in the water, as the air in them condensed on their descent. 
There was also a hole in the upper end of each barrel, to which 
was fitted an air-tight leathern hose, long enough to fall below 
the bottom of the barrel, aiid so weighted that it would fall 
naturally in that position. These air-barrels were attached to 
tackle, by which, with the labour of two men, they might be 
made to rise and fail altematdy, like the buckets in a well ; 
and by lines attached to the lower edge of the bell, they were 
so guided in their descent that tbo mouth of the hose always 
came directly to the hand of a man who stood upon a stage 
suspended from it. As the apertures of the hose were, during 
their descent, always below the level of the barrels, no air 
could escape from them ; but when they were turned up by the 
attendant, so as to be above the level ot the water in the 
barrels, the air rushed out with great force into the bell, the 
barrels becoming at the same time full of water. By sen&g 
down these barrels in rapid succession, the air in tiie borrd 
was kept in so pure a state that five persons remained in the 
bell, at a dep^ of nine or ten fathoms, for more than an 
hour and a hudf at a time, without injurious consequences ; and 
HoU^ states that he oould have renmined there os long «s he 
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pleMeds tn Mijtibljig thftt appeared to the contrary. Beeidea, 
the whole oavi^ of the bell wae kept entirely free from water, 
BO that HaUey aat on a bench, diametrically placed near the 
bottom, wholly dreiied, with all hie clothes on. He only 
obserred that it was neoessary to be let down gradually at 
first, aboat twelve feet at a time; and then to stop and drive 
ont the water that entered, by raving three or four barrels 
of fresh air, before he desoended farther. When arrived at the 
required depth, he let ont, by the eook in the b^, a quantity 
of hot impore air, equal to the quantity of fresh air admitted to 
the barrels, when the foul air rushed up from the valve wii^ 
such violence as to make the surface of the sea boil, and cover it 
with a white foam, notvdthstanding the great weight of the 
water above. “Thus,” says Halley, “ I found I could do any- 
thing that was required to be done just under us; and by 
taking off the stage, 1 oould, for a space as wide as the circuit 
of the bell, lay the bottom of the sea so far dry, as not to be 
over shoes on it. And by the glass window so much light was 
transmitted, that when ihe sea was clear, and especially when 
the sun shone, 1 oould see perfectly well to write or read, much 
more to fasten or lay hold on anything under us to be taken up. 
And by the return of the air-barrels I often sent up orders, 
written with an iron pen on small plates of lead, directing how 
to move us from place to place, as occasion required. At other 
times, when the water was troubled and thick, it would be as 
dark as night below ; but in such case 1 have been able to keep 
a candle bumiog in the bell as long as I pleased, notwithstand- 
ing the great expense of air requisite to maintain the flame.” 

Having by these ingenious contrivances removed the principal 
difOloulties attending the use of the diving-bell, Halley foresaw 
its extensive utility. He adds : “ This 1 1^ to bo an invention 
applicable to various uses, such as fishing for pearl, diving for 
coral, sponges, and the Hke, in far greater depths than has 
hitherto been thought possible. Also, for the fitting and 
planning of the foundations of moles, bridges, etc., upon rooky 
bottoms ; and for the cleaning and scrubbing of sMps* bottoms 
when foul, in calm weather at sea. But,” he odds, “ as 1 have 
no experience in these matters, I leave them to those that 
please to try.” To several of these purposes the diving-bell 
h{LB, since the date of this paper (1717), been applied with great 
advantage. 

Next, in 1732, Martin Triewald, a Swedish “Captain of 
Mechanics,” expressed an opinion that no apparatus but that 
on the principle of the diving-bell oould bo safely used at great 
depths ; and he mentions a man, then sixty-throe years old, 
who had followed the business of diving with the common bell 
ever since he was twenty. Triewald’s diving-bell was of copper, 
tinned inside, smaller than Br. Halley’s bell, and nuuiaged by two 
men. A sta^ for the diver to stand upon was suspended at 
such a depth below it, that the man’s head oould be but little 
above the level of the water, where the air is cooler and fitter 
for respiration than in the upper part of the bell ; and a spiral 
tube was attached to the inside of the bell, with a wide aper- 
ture at the bottom, and a flexible tube and mouthpiece at the 
top, BO that when the diver was up in the bell he might inhale 
cod air from the lower part, exhaling the foul air by his 
nostrils. Dr. Hailey’s air-barrels are applicable to a bell of 
this construction. Instead of windows of fiat glass, Triewald 
used convex lenses to admit light to the bell. They are used 
to the present day. In clear weather they have been knowm to 
concentrate the sun’s rays so as to bum the labourer’s clothes 
inside the bell, when exposed to the focal point, and this 
when the machine was twenty-five feet under the surface of the 
water. 

In 1775, Mr. Spalding, a grocer, of Edinburgh, experimented 
with Halley’s diving-bell, with a view to recover property from a 
wreck on ihe Fern Islands ; and he made certain improvements 
on Hailey’s bell, for which, in 1776, the Society of Arts re- 
warded him with twenty guineaa The improved bell contrived 
by him was so light that, with the diver, and weights attached 
to the rim, it would not sink, l^e necessary weight added 
was suspended from its centre by a long rope, which was so 
mounted on puUeys that the diver could either draw the 
bidanoe-weight up to the mouth of the bell, or allow it to fall 
oonsiderably below it. Thus, by letting the weight down to 
the bottom, the divers oould anchor the bell at any required 
level, or prevent its further descent if they peroeived a rook or 
part of a wreck beneath it, which might otherwise overturn it. ; 


Also, by hauling in the rope while the weight was the bottom, 
the persons in the bell might lower themselves at pleasure. 
Then, near the top of the b^, a horisontal partition di^ded 
off a chamber that might, by openings and valves, be filled 
either with water or air fr^ the lower part of the bd]« so as 
to alter Ihe spedfio gravity of the whole machine, and thereby 
na nse it to ascend or descend as required. The bell was sup- 
plied with air by an apparatus resembHng Halley’s ; and ropM, 
stretched across the bell, were used instead of seats and plat- 
forms for Bt^dmg on. Thus the persons in the bell were 
enabled, in case of accident, to raise themselves to the surface 
without any assistance from above. A long-boat carried the 
Bigual-Unes and tackle for working the air-barrels. Mr. John 
Farey, jun., next improved Spalding’s apparatus by making 
the upper obamber without valves, and used it as a reservoir of 
condensed air, to be filled by foroing-pumpB in the partition, 
besides other provisions. Farey a^ reoommended that the 
men should be attached by ropes to the bell, so that, in case of 
falling, they should not sink. 

Smeaton was the first to apply the diving-bell in dvil en- 
gineering operations, in 1779, in repairing the foundations of 
Hexham Bridge. The bell used on this occasion was an oblong- 
box of wood, supplied with air by a pump fixed on the top. In 
Bamsgate harbour this was us^ at a great depth, the supply 
of water being forced through a flexible pipe by a forcing- 
pump in a boat. This bell was of oast iron, and it weight 
50 cwt. Since Smeaton’s time the diving-bell has been em- 
ployed with great advantage in submarine works — sometimeB 
in situations in which a coffer-dam could not be oonstruoted, or 
the required operations performed by any other means. The 
mode of suspension differs according to ciroumstanoes — over 
the side or end of a vessel, through an opening in the centre 
of a barge, from framework between two barges, or from a 
scaffolding supported by piles. The operations npon the wreck 
of the Royal Qeorge at Spithead were first surveyed by the 
diving-beU in 1817. The celebrated Scottish engineer, John 
Bennie, on this occasion improved th^ apparatus for moving 
the bell in any direction. 

A substitute for the regularly-constructed diving-bell was 
employed in the recovery of treasure and stores from the 
wreck of the Thetis off Cape Frio in 1830, by using a one-ton 
ship’s water-tank, with eight inches of iron riveted to the 
bottom to give it more depth, and having attached to it 
eighteen pigs of baUast (17 cwt.) to sink it, when the greater 
part of the property was recovered. 

The Nautilus submarine machine is an American improve- 
ment upon the old diving-beU. It is nearly cylindrical, with 
a spherical top ; and the working apparatus, on board a barge 
floating near, consists of a steam-boiler, a cylinder or reservoir, 
and a oondensing or air-pump. The workmen being stationed 
in the machine, water is admitted into two chambers, as baUast, 
to cause the nautilus to descend to the bottom ; while the air is 
dravm through hose from the reservoir in the barge. As soon 
as the air thus drawn is sufficiently condensed, a cover to the 
bottom is raised, and communication obtained. Not only do 
persons thus remain under water for a considerable time, but 
should the hose communicating with the reservoir booome dis- 
connected, no danger can ensne to those in the machine, as 
they can, by moans of the oomprossed air within the bell itself, 
expel a portion of the water, and thus enable themselves to 
rise to the surface. 

A diving-machino contrived by Klingort, of Breslau, about 
the year 1800, was so arranged that it would rise or fall by the 
motion of a piston in a cylinder in the lower part of the appa- 
ratus, by which the diver oould vary the density of the eir at 
pleasure. A very simple apparatus to enable a person to dive 
withont a bell or either of the machines here noticed, was 
invented in 1839 by Mr. W. H, Thomthwaite, of Hoxton. It 
consists of a hollow belt of india-rubber cloth, to which is 
attached a strong copper vessel, into which air is forced by 
a oondensing syringe until it has a pressure of thirty or forty* 
atmospheres. The belt is then put on in a collapsed state, so 
that it affords no buoyancy, and does not impede the descent 
of the diver ; but when he wishes to rise he opens a valve, by 
which the condensed air escapes from the copper vessel into 
the brit. The entrance of the air expands the bdt, which, 
when filled, affords sufficient buoyancy to raise the divmr imine- 
diately to ^e surface. 
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PRACTICAL PERSPECTIVE.— XIIL 

THE PEESPECTIVB OF POLTOONS. 

We now proceed to study the method of obtaining perapective 
projections of polygons. Students who have work^ through 
the course laid down in lessons in “ Projection ** will have no 
diffioully in reaUsing the two plans drawn under the picture- 
line ; that of Fig. 63 as the plan of the hexagonal prism standing 
on its end, and that of Fig. 64 as the plan of the object when 
lying on its side. 

We require, in the first instance, to put into perspective the 
plan of i^g. 63, and to do this we must first enclose the regular 
hexagon, ▲ b c' o B F, by the rectangle a h u. 

This rectangle is then put into perspective in the usual 
method, by drawing lines from fi and i to the centre of the 
picture, by describing the quadrant J jK, and from f drawing a 
line to the point of distance, cutting i c in j ; then a horizontal 
line from j wiU out h c in p, and will thus give the perspective 
projection of the containing rectangle. 

Kow from and D draw lines to the centre of the picture, 
cutting gj in a and/. The line af is then the distant side of 
the hexagon corresponding with c' D in the picture-line. 


Now in Fig. 63 lines drawn to o from the points corresponding 
to those gave the width of the distant side, but in the present 
case this wo^d not smswer this purpose, for the distant side, 
a h, is of a different size from the near one, ▲ B. 

It is therefore necessary to set off the width, a' h\ on the 
pioture-l^e (Fig. 66), and lines drawn from these to the centre 
of the picture will out the distant line of the containing figure 
in a and h, the points required. 

From c set off d, the distance of the point d from the fore- 
ground, and draw a line from d to the point of distanoe, cutting 
the line c. From this intersection draw a horizontal line, 
cutting the side of the containing figure in d. 

Join A d and d a. 

From c set off the length c E (taken from Fig. G5). and draw 
a lino from b to the point of distanoe, cutting the lino c in e. 

Join B e and e b, completing the figure, which, as will be seen, 
is not reversed. 

We now return to Fig. 63, with the view of completing the 
prism. On c' D raise perpendiculars, o' k and d l, and join k L. 
This will give one of the vertical sides of the prism, parallel to 
the picture-plane. 

At h and e erect perpendiculars. 


VP^ 
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From I describe the quadrant E E', and from draw a line to Now it is endont that the prism consists of six equal reot- 

tho point of distance, cutting i j in e. angles, and that as E L is parallel to </ D, the upper edges of all 

From e draw the horizontal line s h. the sides will be parallel to those immediately beneath them ; 

Join c' b, b a, also D e, e /, and these, with the two lines </ d and as it has been shown that all lines parallel to each other 
and a/, already drawn, will complete the plan. vanish in the same point, it will be evident that lines drawn 

The student, on flyami tiing this figure, will be agrain reminded from l and k to vi'l and vp2 will give tlxe edges r.M and nk, 
of the principle already laid down, that all linos which in the which in the object would be parallel to v e and c' b. 
object are parallel to each other vanish in the same point ; At a and / erect perpendiculars ; from K and L draw lines 
for he will see that the lines in the plan which unite A c', f p, to the centre of the picture, cutting them in k and I ; and 
o H, and I J, being at right angles to the picture-plane, converge join k L 

to th e centre of the picture, and that the lines D o and b a, which Then the rectangle afkl will be the perspective represent^ 
in the plan are parallel to each other, converge to vpI in the tion of the distant side of the prism, which, like P K L, is 
projection, whilst c' b and ef converge to vp2. parallel to the plane of the picture. 

Before proceeding with figure, we may call attention to Join M I and N fc, which will complete the top of the prism ; 
the fact that the perspective projection of the plan represents and it will be seen that these lines produced will end in the 
the original figure as if turned over on the line H i, so that the same vanishing-point as the other edges of the object to which 
points which in the plan are in the foreground are seen in the they are parallel. 

distance in ttie perspective projection. In this figure, which is Fig. 64 is the persiwctive projection of the same pnsm when 
equilateral and equiangfular, this is of no oonsequence, but under lying on one of its sides, ^ so that its hexagonal end is at right 
o^er ciroumstanoes it might be important that the points in the angles, and its long edge is parcel to the plane of the picture, 
near side of the plan should be shown in the foreground in the It is hoped that previous practice will^ have enabled the student 
prqjeotion, and therefore another method Is shown in Fig. 65, to work this study without the diagram being completely 
which will apply to irregular as well as to regular figures. lottored, and with few instruotionB. 

Let Fig. 65 be the plan of an irregular hexagon which is to The plan is, in the first place, to be projected, and at j the 
be put into perspective. end elevation of the enclosing rectangle is to he put into per- 

Having drawn around it the containing rectangle, and having , speotive. This process is also to be carried out at the othw 
put this into perspective, as shown in Fig. 66, mark the points end of the plan, and a solid rectangular block will be formed, 
A and B for the nearest side of the figure. I which will seem as a case containing the prism. 
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Nezt^ mairk from J the pointB f and a, which may be done by 
doAoribing* quadrants from J ; and from F and A draw Unea to 
the point of distance, cutting J c in / and <x. At these points 
draw perpendionlars, meeting i H in 0 and J>. 

On the perpendicular j mark off the height F, and from that 
point draw a line to the centre of the piotnre, cutting G h in b. 

Join / b, b d, do, c b, b a, a/, and so complete the end of the 
prism. The opposite end will be projected by simply drawing 
horizontal lines from the points alr^y formed, to meet the 
sides of the containing figure. 

Exbbcisb 55. 

The scale is | inch to the foot; height of spectator, 6 feet ; distsnoe, 
16 feet. 

Suliject, a prism, the ends of which are regnlar hexagons of 8 feet 
side, and the length of which is 8 feet. 

Put this object into perspectlTe when at 4 feet on the left of the 
spectator, its end being rertloal and at right angles to the plane of the 
picture. 

Exebcisb 56. 

Fat into perspeotWe the same object when lying at the same distance 
on the left of the spectator, but 10 feet within the picture. 

Exbboisb 57. 

I the perspeotire proijootion of the same prism when lying <m 


Join a x^ x' d^ df which will oomplate the per^eetiTe 

projection of the pentagonal end of the prism. 

The ^Ustant end will be projected by drawing lines from a, h, 
</, d, 0 , to vf 2, cutting the sidM of the distant oontainiiig figi^ 
as in ihe former example. 

ExxBOXflX 60. 

Put into perspeotiye a pentagonal prism lying so that Its end it at 
right angles to the plane of picture, at a given, distance on the 
^ht of the spectator and from the foreground. Scale and measure- 
ments at pleasure. 

Exbboibx 61. 

CKre the perspeotive projection of the same priam when lying so 
that its edges are at right angles to the plane of the piotnTe~-the 
ohjeot to be on the right of the speotator and within the picture. 

Exebcisx 62. 

Put into perspeotiye the same objeot when lying on one of ita sidea» 
■o that its pentagonal end is yertioal and at 50® to the picture-plane, 
the object being placed on the left of the spectator and in the imme- 
diate foreground. 

Exxboise 63. 

Give the perspeotire view of the prism when lying so its pcn« 
tagonal end is at 40® to th^ picture-plane, at a given disizmoc back* 
i ward, and on the right of the speotator. 



one of its sides, its hexagonal end being in the foreground and parallel 
to the pioture-piane, the nearest angle being 6 feet on the left of the 
speotator. 

Exbrcisb 58. 

Put into perspective the same prism when lying at 5 feet on the 
right of the apeotator, its hexagonal end being parallel to and at 8 fCet 
within the picture. 

Exbrcisb 59. 

Give a perapeotive view of the same priam when standing on its 
hexagonal end, at 4 feet on the right of the spectator, and 6 feet within 
the picture, the surfaoe facing the speotator, and also that beyond it 
being parallel to the picture. 

Wo now propose to show the method of projecting polygonal 
objects when placed at angles other than right angles to ihe 
pioture-piane. 

The subject of this lesson is a pentagonal prism, of which 
Fig. 67 is the end elevation, and Fig. 68 the plan. 

Haying found the vanishing-points and measuring-points, 
according to the position of the plan o b o f, and having pro- 
jected the plan, endose the end elevation, A b c' d' b', in the 
rectangle o e e x, and put this into perspeotive os in Fig. 64. 

Mark on the pioture-line the points A, b, and d, and from 
them draw lines to the measuring-point, cutting c e in a, b, 
and d. 

The length a h will bo the perspective representation of the 
base of the pentagon, and a perpendioular drawn from d will 
out c s' in d\ the upper angle oi the pentagon. 

Now on the perpradioular c mark off the height o', and draw 
a line to the vanishing-point, cutting s s' in x'. 


Exbbcise 64. 

Beale, ^ inch to the foot. Height of spectator, 6 feet} distance 
18 feet. 

Subject, a prism, the end of which is a regular pentagon of 2 feet 
flido, and the lenfl:th of which is 2 feet. 

Put this prism into perspective when standing on its end, one of the 
angles of which is at 6 feet on the left of the spectator, and of the 
two adjacent sides (that is. the two sides meeting at this angle) the 
cme nearest the speotator recedes from the picture at 90^. 

Exbbcisx 65. 

Give the perspective projection of the same object under the same 
oircumstanoes, but at 5 feet on the right of the spectator, and 8 feet 
within the picture. 


SANITARY ENGINEERING,— VI. 

GAS-METEBS. 

In our previous papers upon gas we have given some idea of 
the method of its manufacture and distri^tion } its applica- 
bility to small establishments, under the head of Private Gas- 
Works ;** and also some idea as to its practical use in lighting 
large interiors, under the head of ** Sunbumers.** The object 
our present paper is to give a short account of the way in 
which the gas we bum is measured, and the mechanical appli- 
ances available for that purpose. Water supply and payment, 
throughout the metropc^s at all events, are regulatkl by an 
arbitrazy set of rules entirely out of the control or supen^on of 
the general consumer. The house is rated at a certain fignrq, and 
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whether more or leee weter ie oonenmed tiie peymesit ie the I 
eame. Bot with gae the oaee ie different in the great majority * 
of instances. As far as private oonsnmption is oonoemed, the I 
gas is measored before it is bnmt ; in other words, it is bnmt I 
by meter, and the consumer pays for what he bums — no more ) 
and no lees. How is the quantity ascertained ? This we shall 
now proceed to show, premising that tiie motive power of the 
moaemment is the preasn^ of toe gas itself. In a former iMq>er 
doBoribing the gas '* regnlator,” we indicated how the pressnre 
of the gas, by the action of a valve, could be tvonght to bear upon 
the ** quantity ’* of gas delivered and the amount of the supply, 
and then reg^te the consumption ; and the same power, t^ 
pressure at which the gas is supplied, is utilised by the machi- 
nery we shall describe in the sequel to register its own volume, 
and record the quantity consumed. 

The prinoipl 9 thus broadly stated may be adopted either with 
the aid of water or without. Where watw is used as the medium 
through which the gas is admitted, the machine is called a wet 
meter, and whdre no water is required, a dry meter ; each 
system has its peculiar advantages for different purposes. The 
simplest form wet meter is a horizontal cylinder closed at 
the end, and encased within another in which it revolves ; toe 
inner cylinder is divided into what may be called quadrants, by 
a series of partitions passing through its axis, and showing in 
section like the spokes of a wheel ; and into one of these quad- 
rant spaces at a time the gas is introduced by toe supply-pipe 
at toe water-level. As the gas enters the section of the cylinder, 
it gradually, by its pressure, forces up the partition, and, as we 
tnay say, turns the wheel. When a certain point in the revolu- 
tion is reached, an opening is provided into toe external case of 
the meter, the gas passing into the pipes on the other aide ; and 
the gas in the quadrant being thus released, the section below 
it becoming subject to the same action, is in its turn raised by 
the pressure of the gas, and discharges its volume of gas in the 
same way. In the case before us, supposing the cylinder 
divided into four, when each of these has been filled and dis- 
charged a revolution is completed, and a certain number of 
cnbic feet of gas have been passed forward for consumption. 
The cylinder is made to revolve upon an axis, which projects 
beyond the internal casing, and on which is fixed a toothed 
wheel, which, by on ingenious arrangement of clockwork, 
is made to register the number of revolutions, and is so 
arranged that on the series of little dials on the front of the 
upper portion of the gas-meter, with whose appearance we are 
all familiar, toe consumption of cubic feet is automatically 
registered — tens, hundreds, thousands, and tens of thousands, 
each being recorded on its separate dial. The inspector, who 
comes to take an account of the gas burnt, has only to register 
toe figure then indicated, and his record is complete. 

In dry meters the same method of registration is adopted — «.e., 
by means of clockwork, and the first motion is obtained by the 
alternate expansion and contraction of a series of movable 
^phragms, the rotating motion thus obtained being registered 
in the ordinary way. 

Nor is the amount of gas passed through any particular 
meter a matter of speculation ; it is ascertained by actual ex- 
periment, not by any private individual, but under the absolute 
firovision of an Act of Parliament ; this is known as the '* Sale 
of Qas Act" of 1859, and is the grand controlling i>ower over 
the gas company and private individuals as far as legislation 
is concerned. Its action is, unfortunately, only very partial ; 
but as our present object is technical and not legal, we may 
repiark that its operation will very probably be extended. It 
regulates the o<mstmction and stamping of meters, and provides 
for their deposit with the proper authorities ; and to show the 
detail into which it goes, and tiie definiteness of its provisions, 
we will quote the second clause aufy, which m^y be taken as 
toe kqy-note to the whole 

** Cl^mse 2. After the passing of this Act, the only legal 
standard or unit of measure for toe sale of gaa by meter sl^ 
be the cubic foot containing 62’821 pounds avoirdupois weight 
of distilled or rain water, weighed in air at the temperature of 
62 degrees of Fahrenheit’s thermometer, the barometer, being 
at 30 inches, except as relates to contracts made before the 
passing of this Act, by which a different unit of measure Is 
ndopt^ which contracts may not be renewed.” 

Inspeotoit of meters are appointed, and meters, after being 
tested according to certain provisions, into the detail of which 


oar epaoe does n<^ allowus to go, are required to be stamped, 
toe stamp attesting their oozTsetness as asoertained by expa- 
meat. There are fines, penalties, and various other provisions 
in toe Act, for its proper enforoement ; with the details of 
which we will not trouble our readers. 

A very important element in all matters of gas calculation 
is the pressure, which is thus measured A tube bent in toe 
form of toe letter U, with the ends open upwards, is partially 
filled with water, this water being perfectly level in both tubes , 
one end is then connected with toe gas-pipe, of which the pres- 
sure has to be tested, and the power of the gas lifts the water 
in the other tube, and depresses it in that to which it is 
connected; the difference of level thus obtained is measured 
in inches and tenth parts of an inch. We may say thst a 
fair average working pressure is somewhat less than an inoh; 
but as all experiments are more delicate if made at a low pres- 
sure, toe regulation testing and marking of meters and standards 
is fixed at a pressure of five-tenths only, or half an inch. 

In localities whore there is a great difference of level, the 
well-known tendency of gas to rise produces the result of 
giving a much higher pressure at the upper than at the lower 
portion of any range of pipes ; and in practice it in found that 
a difference of 100 feet is represent^ by about an inch of 
pressure ; so that a house situated at a height of, say, 200 feet 
above the gas-works, would indicate a pressure of three inches, 
supposing the gas d^vered on the lower level at a pressure of 
one inoh. 

We now proceed to say a word or two oh toe comparative 
advantages and disadvantages wet and dry meters ; and may 
mention, as a fact, that the use of dry meters has much in- 
creased of late years, especially in the London district ; and 
there are some pnblio companies who now fix only dry meters ; 
while throughout the Birmingham district wet mefcers only arc 
used. Each system has its advocates, and we will briefly 
allude to the arguments on both sides. 

The most serious objection to the wet meter is the liability 
of toe water to freeze, when, of course, the supply of gas is 
stopped ; but as meters are usually within the house, a few 
very simple precautions will effectually prevent this happening, 
and it is not found in practical working to be an objection of 
any moment. 

The next difficulty is the irregularity to which the water- 
level is subject from evaporation and other causes. It will ba 
evident that if a meter measure correctly at the true water- 
line, should the water rise above that point, the measuring 
chamber through which gas passes is diminished in size, while, 
if toe water is allowed to fall below it, more gaa will pass 
than is measured in a precisely parallel ratio. Hence arises 
the need for the visits of the gas inspectors to put water in 
the meter; for this was the point at which facility was 
afforded to any one with dishonest intentions to obtain more 
gas for his money than he was fairly entitled to by altering tiie 
level of toe water in the meter. Many togenious inventions 
have been made in the way of manufacturing ” compensating ” 
meters, which, by self-acting maoliinery, shall regulate their 
own water-level ; this object being gene:^y obtained by means 
of a float, which, when the water falls below a certain level, 
sets in motion by means of a spring or otherwise a ” spoon,” 
as it is technically called, which, from a reservoir specially pro- 
vided, lifts sufficient water into the meter proper to restore the 
water-line. Compensating meters have been very numerous, 
but a great proportion of them have failed in practice from 
various oansei ; and some companies prefer relying upon the 
vigilance of their officers rather than resort to employing any 
of these methods. 

Dry meters, as now ordinarily eonstruoted, are either oblique 
aotion or direct action. In the oblique action meter tk 
square form is usually adopted for the one side of what wu 
may call the bellows portion, the movable part being divided 
into four triangular sections meeting at a point in the middle, 
these sections being connected by what may be called gussets 
of leather; and hinged all around the outer edge ; when the 
gas is admitted the centre is gradually forced out, and the 
pyramidal chamber thus formed measures the gas. The metal 
of which the plates are formed must be of a quaHty to resisi 
toe oorxofive aotion of gas and its oondezisation- 

In the direct action dry meter the circular form is usually 
adopted, and a circular disc of metal is united to another all 
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TOtind its oiv'cniinfeirQnce by leather, in the aanie way. When the 
gas is admitted, the discs are gr^aally forced apart, and the 
contents of the flnttish cylinder of gae between them formt the 
measuring unit of the meter, which may vary in siae ahnoet 
indefinitely from a three-light meter to a throe-thousand %ht 
meter, or even larger. We may heire rematk that the nominal 
power of a motor is always very much below its actual capa- 
city, and that any meter will safely and satisfactorily supply 
double at least the number of lights represented by its descrip- 
tion. The objections to the dry meter are, that the leather with 
which its diaphragms are constructed is subject to variation of 
flexibility by change of temperature, atid that, therefore, it will 
record irregrulorly at different times of the year ; that it is not 
BO lasting as the ordinary water meter, and that when out of 
order it is not so easily detected. There is also this objection 
to it, that it is not so perfectly regular in its delivery, the 
alternate action of the chambers sending the gas forward in a 
aeries of puffs, as it were, and not in one regular stream. This 
objection does not deserve any weight in ordinary practice, but 
in experimental uses, when it is desired to obtain an exact 
record of short spaces of time for purposes of comparison and 
calculation, certain minute irregularities of this kind have been 
known to occur. 

We may, however, mention, as a matter of some interest;, 
that the immense meters at the works at Bockton — the largest 
gas-works recently erected — are wet meters ; the reason being, 
that aU the large station meters, as they ore called, having to 
receive the gas somewhat warm, with its full proportion of 
tarry deposit, the wet form of meter is adopted for reason 
that a certain amount of deposit, which always takes place at 
this point, is more readily removed from a wet meter. In 
ordinary house meters this does not take place, and therefore 
dry meters may be safely introduced. 

We cannot attempt to decide in favour of either, but have 
endeavoured to state, as fairly as we can, the argumenin on either 
side of the question of “ wet meters versui dry." 


OPTICAL INSTRUMENTS.— X. 

BY 8AHUBL HIOHLET, F.O.S., XTO. 

APPARATUS EMPLOYED FOB EDUCATIONAL DEMONSTRA- 
TIONS. 

It may seem strange, to some absurd, that we should ask 
learned teachers to devote serious attention and consideration 
to that reminiscence of the nursery, the galanty-ahow — to that 
toy of our boyhood, the magic lantern ; but many scientific 
things when first discoveted, cither from their remarkability or 
beauty, have excited publio interest only to the extent of being 
regarded as pleasing toys, till in the course of time their 
practical value has been diaoomed, and they have ranked there- 
after among the implements of applied scienoe. Such was the 
globe of water, magnifying in distorted form the fly or flower, 
till in the hands of science it sprang into that exquisite refine- 
ment on optical knowledge— the mioroaoone — the discoverer of 
hidden worlds of life, and of the seat or form of disease within 
the innn^wt walls of the human frame. 

Such the kaleidoscope, the tin case with its bits of coloured 
glass, regarded long as only a wonder from the fair, till in 
pvaotioal hands wo find ourselves indebted to its aid for many 
of the beautiful geometric designs which ornament our waUs or 
floor. 

Such the camera-obsoura, the discovery of Baptista Porta of i 
Padua, till the progress of obemioal knowledge revealed to us 
the means of fixing its fleeting images ; and even then its light- 
imprinted products, toother with their adjunct the stereoscope, 
were little thought of in their practical and educational applica- 
tions till recent days- 

So with the magic lantern. Who is there over forty years of 
age who cannot r^ember in the days of his youth quesiion- 
ablo-iooking men going through L^don streets or country j 
towns, crying ♦* Gilaiity Show ! Galanty Show !" as soon as damp 
and drei^ winter eet its mark upon the waning year P Who 
forgets how crude the apparatus was, suggesting a converted 
tea canister, illumined by a smoky, fat-trimmed lamp, or how 
coarse but laughter-movtog the stock of aUdes—rold Joe Gri- 
maldi rolling Ids ejee — skeleton Death that raised his dart— 


the terrific upper- and under-^out combat between theEuglishman 
and the Frenchman — ^the fierce Turk’s head that came out of the 
Uly, and the black woman out of cahliflower^ — all done, as we 
were assured, by wonderfully oompUoated mechanism, that cost 
a mint of money P Who can forget that party-spirit-moving 
scene of all the parish hanging on to the respective tails of 
the two fighting dogs or the never omitted ** Pull Devil — Pull 
Baker," that wound up the exhibition P Ah ! tempora mutant 
morei. Skeletons have gone out of fashion— and the D— 
must never be mentioned to ears polite now-a-days, much less 
sold as a marketable commodity in the shape of a slide for the 
magic lantern. Then came a step tcwai^ improvement du 
su^ primitive entertainments in the shape of the Phantas- 
magoria," that excited general wonderment at the old Adelphi 
Theatre, with its awe-inspiring effects. A few years later, and 
Child’s dissolving views at the Adelaide Gallery, Oolosseum, 
Alhambra, and the Polytechnic, evidenced a great advance in 
the right direction, and led to the production of the finest hand- 
painted sUdes and mechanical effects that have ever been pro- 
duced for the magic lantern, as much as fifteen and twenty 
guineas each having been paid to the artists who produced them. 

In recent years came tibe application of photography to the 
magic lantern, and it became apparent that that which had only 
been employed for mere amusement was destined to become, 
in the hands of the professor and sohoolmaster, an important 
philosophioal instrument of great educational value ; yet I am 
surprised to find how few there axe among those whom it most 
concerns— viz., the professed "educationists" of the day — ^who 
are cognisant of the extent to which the magic lantern may be 
employed for school teaching and class demonstration. By the 
old of the magic lantern we oan deal with beams of parallel, 
converging, or diverging rays of light, which, brought to bear 
upon suitable apparatus and applismoes, enable us to exhibit 
the most important optical phenomena, and demonstrate the 
laws of plane and polarised light dednoed therefrom. 

Aided by mechanical contrivances and transparent orreries, 
the astronomer can avail himself of the lantern for illustrating 
his discourse on those vast and unlimited realms of space 
beyond our own globe, which are studded with other planets, 
star-groups, comets, and meteors ; while availing himself of pho- 
togmphy, he oan present to his audience the self-depicted por- 
traits of the son and moon, the phases of eclipses, those myste- 
rious protuberances that surround the sun’s edge and extend to 
a vast height into its photosphere, the dark spots that travel 
over the sun’s face, and the speotra of the heavenly bodies. 

It is when photography is thus applied to the production of 
transparent diagrams for the magic lantern that the educational 
value of that instrument for a wide range of illustration becomes 
palpable. Within a disc three inches in diameter, aU the 
details of a miorosoopio object of the most complex structure— 
the orevassod range of the Mer de Glace, or the wide-angled 
landscape of the Falls of Niagara — may be clearly depicted in a 
manner that could not be approached, much less rivalled, by a 
hand-pointer, even if a surface four times the size of that sppei- 
fied were given to him to work on, which would then entail a 
lantern four times the size of that required for the photograph ; 
and increased bulk of apparatus implies increased expense In 
every direction. 

Undoubtedly many subjects have been truthfully and artisti- 
cally produced for the magic lantern by the hand-painters ; but 
oan any artist (even if he bo a pre-Baphaelite) for one moment 
pretend to cope with Dame Nature in her artistic moods, or hope 
to introduce the amount of detail she, with her undulating 
brushes of light, fixes upon the film which her assistant, the 
chemist, has prepared for her P For it must be borne in mind, 
that while the artist delights in broad effects, the teacher of 
scienoe regards detail as a sine qua non, their aims being different ; 
and when we call upon Nature to depict her treasures with her 
own pencil, another reqnirement of Ike naturalist is ensured — 
the truthfulness — for we know our studies are then delineated by 
a faithful and an unbiassed hand. 1 have long been impressed 
with the conviction that a lecturer on natural history — and 
even on pathology — ^would welcome as a boon truthful trans- 
cripts of Nature that could be packed in a small space, and then 
shown by means of a lantern on a scale sufficient to arrest the 
attention of the student, for all persons who have had any ex- 
perience in scientific eduoarional matters know the value of 
I appealing to the eye* Bo(^ knowledge, or that experience 
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gained e^en from the meet graphic deeonp^sa! ia but of elight I 
value to the atodent who would become a true noturaliet. He i 
must see — ppaaibie, handle^the objeoti of hia study. j 

The next beet thing to this, is to be familiar with the most 
accurate delineations of the forms he widies to become ao- ; 
quainted with ; and here Photography offers her aid, and the 
magic lantern popularises her efforts. This mode of project- 
ing on a screen enlarged delineations of the objects described 
by a teacher is very impressive, as the luminous diagram is of j 
such a size, that every student in the largest lecture theatre 
can discern the most minute details, which is more than can be 
said of the ordinary paper diagrams usually placed before a 
class. But beyond this, when the photographs ^ve been talcen 
direct from Nature or from artistic productions correct as to the 
rendering of light and shade and angle of view, the image ! 
stands forth on the screen with all the rounduess of Nature j 
and perfect stereoscopic effect. Again, as only one subject is j 
presented at a time, ^e attention of the student is fixed upon 
the object of the lecturer’s description, and the listless eye 
cannot wander from one picture to another, as is too often the i 
case when a number of paper diagrams are displayed at one ! 
time. There is one thing, however, that photography has 
scarcely effected at present — it can draw our pictures, but it can- 
not paint them. The day, however, is perhaps not far distant 
when even this may be accomplished, for we must not forget 
that that great master in science, Michael Faraday, who passed 
from among us, not great in years, but great in the esteem 
of men, bequeathed to Warren De la Bue the daguerreotype 
preaeuted to him by Beoquerel, whereon Nature had repro- 
duced a coloured figure from her own spectral palette ; and that 
precious specimen exists, unfaded— a promise for the future ! 

If we take a survey of the departments of science in which 
the lantern can be employed for class demonstrations, we shall 
find that 

The 'iiiinemlogut can employ photographic lantern slides for 
projecting on the screen laa’go diagrams of chemical formuho 
or tabular views of the classification of minerals — the spectro- 
scopic obaraoteriatiosof the elementary bodies — the typical forms 
of the crystallographic systems, and, by means of the opaque 
lantern, the oharaoteristio forms and colours of minerals and 
rooks. By the lantern polarisoope he may show the depolar- 
ising, dichroitio, uniaxial, biaxial, or tesselated oharaoters of 
crystal sections ; or by the lantern microscope he may show 
the particles of matter in the very act of grouping them- 
selves under the force of crystallisation — the order of the 
magnetic curves, the action of weak currents on the needle 
galvanometer, or tlio ocoustio figures of Chladni, Savart, and 
Lissajou — the decomposition of water into its constituent ele- 
ments and their volumetric proportions, together with many 
other ohemical, physical, and morphological demonstrations. 

The botanist^ either by photographs direot from Nature or 
from carefully-made drawings, or with preparations of the 
objects themselves (as the case best admits of), may display 
the specific character of plants — groups that illustrate the 
great natural divisions of the vegetable kingdom — their mioro- 
Bcopio characters and geographical distribution — the absorption 
Apeotra of vegetable infusions, with other physical and chemical 
characteristics of plant-life. 

The zoologist by the same means may demonstrate the 
osteology, the anatomy, microscopical characters, typical 
structure, and typical forms of the great natural divisions of 
the animal kingdom, and place before his students groups of 
animals oharaoteristio, of the regions of Europe, Asia, Africa, 
America, and Australia, and the ethnological types that charac- 
terise the same geographical divisions of our earth. As a rule 
it is preferable to take photographs direct from the living 
animals, as Haes has done in his admirable series from the 
Zoological Gardens, but in many instances this is impossible, 
and in some oases a diagrammatic treatment of the subject is pre- 
ferable. This specially holds good with most of the oceanic 
forms of life ; for when out of a sufficient bulk of their native 
element they collapse and look anything but as if they had 
been depicted ** from the life.'* 

Again, from the rarity of the subject desired, it may be 
ceoessary to resort to engravings ; but no expense should be 
spared to procure them from the works of the best authorities, 
&nd in sndi style of execution as is to be found in the works 
of the Bay and Balmontograpbioal Societies. In other oases, 


such as in representing the molluaoa, the objects should be 
modelled in wax in connection with the real i^eU of the species, 
and the same applies to the tubed annelids. 

The wnatornist may avail himself of the method now advo- 
cated for showing very large diagrams of the various parts of 
the mumal frame, preparatory to showing the parts themselveSt^ 
and so preparing the students for the points they should then 
give special attention to-— a matter of grave importance when 
demonstrations have to be made on the dead body in hot 
ohmates. 

To secure negative photographs of anatomical subjects, I 
may here draw attention to a possible difficulty, and the means 
of surmounting it. 

Some years since I made an attempt at St. Bartholomew's 
Hospital to photogfraph anatomical subjects that had been 
carefully prepared for me by Mr. Luther Holden ; but, though 
from one to twenty minutes' exposure was given, nothing but a 
faint image presented itself. I first attributed this extraordinary 
failure to the miasma of the dissecting-room, but on the subject 
being photographed out in the open air, a fine negative was 
obtained. Our failure was really attributable to the yellowish 
light reflected from the buff walls common to disseoting- 
rooms, such yellowish light making little or no improssion upon 
a sensitive photographic film ; and this gives ue a hint, if it be 
thought advisable to employ photography systematically at our 
I hospitals. The walls of the operating-room must be left white 
or coloured blue — not that that colour will add any aotinio 
power to the light reflected from such snrface, for it ia not an 
uncommon error amongst photographers to believe that by 
allowing the light of heaven to pass through blue glass increased 
actinic power is secured to their operating-rooms ; but it must 
be observed, though a yellow glass will atop the progress of the 
chemical rays, a blue glass will add nothing to a passing beam, 
whether it be rich or poor in actinic rays. The same, of course, 
applies to reflecting surfaces. 

A Kusslan professor of anatomy secured exquisite sections of 
various parts of the human body, with all the organs in situ^ by 
com})lotoly freezing a subject into a solid rigid mass before 
! making the desired longitudinal and horizontal dissections. The 
, various sections were then photographed, and the resulting 
diagrams are admirably suited for lantern demonstrations. 

The physiologist may make the heart or lungs of a man or 
animal write its rhythmic or irregular action on a piece of 
smoked glass, and the result can then be shown as a large 
diagram by aid of the lantern ; and besides the employment of 
coloured diagrams, the circulation of the blood, together with 
, many other functions of vegetable and animal organs, may be 
i displayed by means of suitable contrivances. 

1 The pathologist may avail himself of photography and the 
I lantern for placing before his class tmthful records of rare 
I cases, occurring at his own hospital or in the clinical wards of 
j other medical schools at home or abroad. In rare surgical opera- 
i tions, portraits of a suffering patient may be taken at a given 
I moment and instantaneously, when it would be an act of barba- 
I rity to call upon the hand-draughtsman to perform such office. 
Such photographic records have for some years past been made 
I at the Middlesex Hospital by Mr. Charles Heisch. Dr. Balmano 
Squire has employed this method for the delineation of skin 
diseases; and Dr. Diamond, many years since, produced a series 
of photographic portraits, illustrating the “ Types of the Phy- 
siognomy of Insanity," in many cases the progress of the 
various stagear of mental disease being periodically recorded by 
aid of the camera. 

The microscopist may in some cases display the minute struc- 
ture of natural or artificial objects themselves on a magnified 
scale by means of the lantern microscope ; in other oases, espe- 
cially in regard to the most minute forms, by means of positive 
transparencies obtained from negatives of objects that have b^ 
enlarged in the camera up to three inches in diameter, according 
to the methods successfully carried out by Ecade, Delves, Shad- 
bolt, myself, Crookes, Drs. Maddox, Abercrombie, and Wright, 
Woodward, Bockett and others, which ore then enlarged to any 
extent by iffie lantern — a matter that cannot be effected by the 

* This preparatory method applies generally to difficult or expensive 
demonstrations, when it Is desirable to direct the attention of tho 
stadsnt to the point to be observed when the object itself can only 
be shown for a limited time. 
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Iftntern inio«oMo|>e, m beyond » certain point ci enkrgemant 
ite optical aberratione become too promonnoed idien really 
great atnpUfymg powera are employed. 

Th$ if€olog%$i may illoatrate hie lectorea by riewc taken direct 
horn Nature of the mine and the qiuunry ; the natural deavagt of 
ala^ Tooke, or the atratifioationa ol aqneona depoaita ; the dii^te- 
grating action of the ntmoaphero on granite and f eldi^thic rook ; 
the atnpendona eroaiTc action of water fta at Niagara Falla ; the 
roloanio cone and crater aa in Piazd Smyth’a photograph of 
Toneriffe; the emptire geyaera of Iceland; mineral yeina of 
eraptlve rooka or metalUo depoaita, or the charaoteriatioB of 
gladera and glacial action. 

The palmontologiet may ahow the extinct forma of or 

▼ogetable life that mark the bonndary line of great epoch in 
the world*a early hiatory ; the weird akeletona of mighty ani< 
male, toad*like oreatnroe aa big aa rhinooeii, reptilea larger than 
whalea, birde aa long>neoked aa giraffea, ahga of gigantic aiae, 
and elephanta ae great aa Behemoth, with the probable aapeot 
of anoh oreaturoe in their Hying atate, aa reatored from iheir 
fragmentary remaina (not by fanciful or hap-hazard gneas- 
work, but by aonnd inductive reaaoning founded on anatomical 
knowledge) by Cuvier, Owen, Waterhouae Hawkina j or even 
entire reansoitated ihdaoapea, including both planta and 
animala, as Unger of Vienna haa aoartiatiof^ reproduced in his 
“ Ideal Views of the Primitive World.”* 

The art profeteor may avail himself of these aids to educa- 
tion for reproducing faithful tranicripts of celebrated works of 
the great masters in all ages, and stereoscopic images of the 
gems of sculptured art where it would be impossible to deal 
with the original, even if cost or apace permitted, and enable 
him to point out the peenUaritieB of style that characterise the 
various schools of ancient and modern art. 

The engineer may throw upon a ten-foot disc embodiments of 
great triumphs in mechanical skill that in their reality cover 
miles of ground — whether they be the aqueducts of ancient , 
nations, or such bridges as in these days span the Forth River j 
or American vaUeys — and the details of construction of engines 
and machines of peace or war. 

School Teaching. — ^As yet I have only spoken of the applica- 
tion of photography and the lantern to scientific and artistic 
demonstration ; but in high-pressure days Hke the present, when 
the student has enough to do to make himself familiar with all 
the subjects he is expected to be more than auperficially ac- 
quainted with, I believe such legitimate aids to education would 
be found admirably adapted for faciUtating the scholar’s labour, 
especially in regard to history andg^graphy; for what is 
more Hkely to make a lasting impression on the schoolboy’s 
mind, than placing before him accurate pictures of the subject 
of his studies, on such a scale aa to become impressive while 
appealing to the eye, and so to serve as an artificial memory, 
giving the next best thing to the students having seen the 
subject of their studies in their reality, a matter usually 
impossible, unless we really possessed the power of rendering 
them ela4rvoyani\ and could then take them back into time, 
or a tour round the world ? I am firmly convinced that school- 
masters would save time and teach better were they to make 
graphy and history aubjeota for evening lectures, illustrated 
the lantern. 

Biiiwy , — ^He would be a bold man, however, who would 
venture to suggest to an Oxford or Cambridge don the intro- 
duction of a magic lantern for illustrating the university course 
on hiatory. But why not ? ** Because it has not been done 
hitherto,” is not a sufficient answer in these days of rapid pro- 
greoi and wide reform ; for by a well-selected and caref^ily-ezo- 
onted aeries of photog^rapha from authentic data, we may make 
the student fai^liar wi^ the features of those who have been 
celebrated for good or for evil in politics, war, Hterature, science 
and art^the aspect of the people of various nations, their 
Doatumaa, their habitations, from the mud hovel to the stately 
palace ; the chambers in which they lived, prayed, or died ; the 
vases and artistio decorations with which they decked thmn ; 
the gods they worshipped, carved out of the Hving rook, cast 
, or built up in ivory and gold, and of prodigious aixe; 
tneir manners and caatoma, their implements of daily life; 

* The reader will ttnd a full description of these old-world creatures 
and sceoet in *'Oar Barth and its Stoiy,” sditod by Dr. Bobert 

Brown, F.L.8. (Oasssll k Company.) 


how they lived during peace and at war, their anna and 
amour, and modes of attack upon an enemy ; in what grandeur 
they otbrried their iUnstrious dead to the gravq, preserved or 
dis^rsed their remains, and recorded their achievements in 
mozmmental sculptures — ^in fact, the Hfe-hietoxy of natious from 
the earliest record to the present day. 

In placing such Surveys of man’s history on earth, in the 
fom of exieHng tcensi, we appeal to the eye in a manner which 
the most impressive verbal or printed description, solely, could 
never convey to the mind, and so establish a more rapid method 
of instruction, of a kind not so likely to pass out of the 
atudent's head after he has left school or ooUe^ 

But the thin edge of the wedge hoe been inserted — not only 
in the schools but the collegee of Russia. In 1863, after the 
close of the International ib^bition, I read a paper before the 
Society of Arts on ” The AppHoation of Photography to tlie 
Magic Lantern Educationally Considered,” on which occasion 
every conceivable branch of education was illustrated accord- 
ing to the system advocated. That paper attracted the atten- 
tion of a young officer in the Russian artillery, who has since 
become,, not only a distragaished professor, but inspector of the 
mUitary colleges of Russia ; and with the courage of youth ho 
determined to adopt the system therein advocated for his own 
lectures on general history, and sought my oo-operation to that 
end ; so in 1860, 1 found my notion of 1862 un fait accompli — 
the great authorities on Aussyrian, Persian, Egyptian, Grecian, 
Roman, and modiieval history being ransacked to supply the 
necessary data for drawings or colour, and the results wore 
exhibited at the Society of Arts in ISdO.f 

Geography may be illustrated by maps showing the political 
boundaries which nations have set up, or the natural divisions 
which climate and other physical causes have stamped upon 
our globe; portraits of the types of men who inhabit its various 
regions; the vertical range of animals and plants from the 
greatest mountain heights to the lowest bathymetrioal depths 
of the ocean, or their horizontal distribution ovev the face of 
the earth, and their limits in latitude and longitude; the 
physical phenomena that characterise its several regions, snch 
as monsoons, hurrioanes, water-spouts, mirages, snow-storms, 
glaciers, ice-fields, avalanohes, and land-dips, thunder-storms, 
volcanoes, geysers, whirlpools, mountain torrents, caverns, ooral 
reefs, stolaotitio formations, and basaltio islands; the phy- 
tio^omy of mountain peaks in relation to their mineral oonsti- 
tution and other phydoal features of the earth’s surface ; the 
buildinga that characterise different nations, from the snow 
hut of the Eskimo to the European palace, or those of peoples 
who have passed from the face of the earth, whether it ^ the 
pyramid of the Egyptian, the palace of the Assyrian, or the 
temple of the Azteo ; the general aspect and characteristics <>f 
the great cities of the world, their engineering feats and art 
treasures ; in fact, all such matters as educated people desire to 
be famlHaf with, and that give interest and vit^ty to geogra- 
phical studies which the details and ever var 3 ring statuses 
of the old methods of instruction never imparted. 

Descending to the artistio requirements of unscholastio life, 
what can be more delightful than to bring back reminiscences 
of travel, taken from our own points of view by means of the 
miniature cameras at last coming into vogue (cameras that arc 
no longer a burden to the tourist) ; and on one’s return from a 
summer trip, placing before family and friends enlarged tran- 
scripts, depicted by Old Sol, of the scenes that have given us 
health and pleasure P We can dwell no longer at present on 
subjects to which the art of photography may be usefully 
appHed as a means of teaching in conjunction with the magic 
lantern, but we shall resume the subject in our next paper. 


SEATS OF INDUSTRY.— Xlt. 

LEEDS. 

BT WlLIflAX WATT WBB8TB&. 

Althottoh Leeds is the chief centre of the flax-spinning and 
linen manufactures of England, the staple industry of the town 
is the manufacture of woollen cloths, for which it has long beon 
famona. Leeds, variously apeUed in old records, **LoidiB,” 

t **On Photography sad the Hsglo Lsatom applied to Taaohing 
Histary.** (Sooisiy o/ Arts Journal, vol. xtii., page 199.) 
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Ledei) eto., is nmitioned by Bede, tbe eooleiiMtioal bistotiea, 
end in the Domeedey Snrr^ ; end eoon titer the Clonqneite 
oeetle wee built by Albert de Laoy on the eminence now known 
«e Min Hm, which wme beeieged by Stephen in 1139, end in 
which Bioherd H. wee imprisoned in 1399, efter hie deposition. 
Lelend, wxitinff eerly in the sixteenth century, describee Leeds 
es ** e pretty merket town, subsisting chiefly 1^ clothing, reeson- 
ebly w^ builded, end es large es Bradford, but not so quick es 
it." The doth trade had bm introduced at least sixty years 
before this date. In his ** History of the Great Bebellion," 
Clarendon speaks of Leeds, £kadfo^ end Halifax as ** thrM 
very populous and rich towns, depending wholly upon dothiers." 

Before the outbreak of the Oiril War, LmAs was incorpo- 
rated as a munidpal borough, and in 1661, efter the Restora- 
tion of Charles H. it received a charter, which was renewed by 
James U. in 1684. For centuries previous to and after the 
manufacture of doth was commenced at Leeds, fairs were hdd 
there, at which the farmers of Lancashire and Yorkshire sold 
their wools and sheepskins to merchants from Hull and other 
ports, for shipment to Flanders, where they were worked up ; a 
large portion of the wool finding its way back, in the shape of 
eloth, to the locality in which it had been grown. 

Le^s is situat^ in the north-west of the West Biding of 
Yorkshire, in the middle of a fertile district abounding in coal, 
and possesses great natural as well as artificial facilities for 
trade. By means of the river Aire and the Calder Navigation, 
ships of 120 tons burden can come up to the town from the 
Humber and the German Ocean, while l^e Leeds and Liverpool 
Canal connects it with the Mersey, and railways branch out in 
eJl directions — to York, Hull, Manchester, Liverpool, Sldpton, 
Lancaster, and two, by Derby and Lincoln, to London. The 
town is mostly built of brick, and the streets are, for the most 
part, narrow and irregular ; but great improvements have been 
efifected of late years, and in the centre and west end of the 
town there are- now several broad thoroughfares, lined with 
handsome houses. On the south side of Ihe Aire lie the ex- 
tensive suburbs of Holbeck and Hunslet, which contain many 
large factories. The principal public building in Leeds is the 
Town Hall, a very elegant Corinthian structure, which was 
opened by Her Majesty in 1858, and which is adorned with 
several fine statues. The Mixed Cloth Hall, built in 1758, and 
the White Cloth Hall, for the sale of undyed goods, erect^ in 
1776, are plain if not ugly edifices, but they possess a certain 
interest os monuments of a bygone system of trading. Previous 
to the opening of these halls the traders were in the habit of 
exposing their goods for sale on the parapets of the long wide 
bridge that spanned the Aire, and in an adjoining street, called 
the Briggate. The regulations under which the Mixed Cloth 
Hal l was managed were very curious. This mart was built at 
the expense of the merchants and manufacturers, and the stands 
were held as freehold property. No person who had not served 
a regular apprenticeship to the mystery of making coloured 
cloths was allowed the use of the hall, which was only opened 
for businesB for one hour and a half on Tuesdays and Saturdays. 
** The market-bell," says one account, "rings at six o’clock in 
the morning in summer, and at seven in winter, when the 
markets are speedily filled, the benches covered with cloth, and , 
the proprietors speedily take their stands ; the bell ceasing, | 
the buyers enter,’ and proceed with secrecy, silence, and expe- 
dition to bargain for the cloth they may require, and business 
is thus summarily transacted, often involving the exchange of 
property to a vast amount. When the time for selling is termi- 
nated, the bell agtdn rings, and any merchant staying in the 
hall siter it has ceased becomes liable to a penalty." The fre- 
quenters of the White Hall were subject to similar regulations. 

Several of the institutions and charities of Ivceds deserve 
to be noHoed, among which is the Free Grammar School, 
founded in 1552, and rebuilt in 1860, at a cost of ^15,000. 
This institation furnishes free instruction in classics and the 
elements of mathomatios to the sons of all residents in Leeds, 
and four scholarships in Magdalen College, Cambridge, and an 
exhibition in Queen’s College, Oxford, are open to the competi- 
tion of its pupils. There is a somewhat peculiar charity in 
Leeds, known as St. John’s Charity, and founded in 1705, which 
has for its object the training of girls for domestic servioe. 
Besides about a dozen smaller institutions for promoting popu- 
lar education, I^eeds possesses a Mechanics’ Institute, in con- 
nection with which there is a library of upwards of 12,000 


volumes, one of the most flourishing schools of art in the king- 
dom, capital day and evening schools, and a Wortog Men’s 
Institute. But the most important educational institution of 
all in Leeds is the Yorkshire College, which was inaugurated in 
1875 by the Duke of Devonshire. It specially concerns itself 
with technical education. 

In 1775 the population of Leeds numbered only 17,117. In 
1865 it had increased to 224,025, in 1871 to 259,212, and 
at the census of 1881 it had reached 809,119. This rapid 
growth corresponds strictly with the progress of its manufac- 
tures, and is mainly to be attributed to the development of the 
j factory system. Leeds owes no small portion of its prosperity 
to the ente^rise of two of its citizens, who were largely instru- 
mental in introducing improved machinery and processes at 
a comparatively early period into the two principal manufac- 
tures ii the town. These were Benjamin Gott, " the foremost 
woollen manufacturer of Leeds, and the man who helped most 
to form the character of the improved woollen trade of modem 
times," and John Marahall, the most celebrated flax-spinner of 
Leed^, and the founder of a family which still TmtintA^Tia the 
pre-eminence he gained. Both were of lowly origin. Gott 
was bom in 1762, and began work as a humble clerk in a small 
factory, but was shortly made a partner, and eventually suc- 
ceeded to the entire management of the establishment. In the 
" Romance of Trade " it is stated that at the time of Gott’s 
death, in 1840, "about 1,100 workpeople, aided by the most 
improved mjwhinery, were employed in dyeing, spinning, 
weaving, fulling, and dressing cloth made of the l^t Saxony 
wool " in his factory, which was a model of wise and sucoossfiU 
management. " One of Gott’s chief merits," says tlie author of 
this work, " was the scrupulous regard always shown by him 
for the men in his employ, and the class to which they belonged. 
Beginning his enterprise just when the old ways of private work 
were being in great part superseded by factory labour, he strove 
hard to perpetuate the spirit of manly independence which had 
been begotten by the older institutions ; and from first to last 
he encouraged the private workers to bring him their wares, 
and use him as their agent in disposing of them." 

John Marshall, born in 1765, was a shop-boy at the time 
when he began to devise improvements in spinning machinery, 
and he was only twenty-three years of age when he started a 
small mill at Meanwoc^, near Leeds, with money supplied by 
two partners. It was in 1787, the year before this mill was 
built, that John Kendrew and Thomas Forthouse invented flax- 
spinning machinery, at Darlington ; and soon after this similar 
machinery was introduced and used at Leeds. In 1791 Mr. 
Marshall removed to Leeds, and built a modest flax-spinning 
factory at Water Lane, which was enormously extended during 
the hi^ century that intervened before his death in 1845, and 
the foundation of the linen trade of the town was laid. By 
1821 there were nineteen flax-mills in and near Leeds, with an 
agfirregato of 700 horse-power, containing 36,000 spindles, and 
producing about 9,000 spindles of yarn per diem, and four of 
these mills belonged to Mr. Marshall, “forming in extent," says 
Mr. Warden, "a third of the whole, and equalling Dundee 
entirely." Little progress vras made during the next ten years, 
there being in 1831 but twenty-four engines at work, represent* 
ing a total of 706 horse-power. By 1838, however, the number 
of engines had increased to forty-four, and 6,430 persons were 
employed in the Leeds linen trade. Twenty-one years later 
there wore in Leeds thirty-aeven works devoted to the manu- 
facture of linen, with an aggregate steam-power equal to 1,831 
horses, containing 198,076 spindles and 140 power-looroa, cind 
employing 9,458 persons. 

The flax-mills of the Messrs. Marshall are the largest in 
the world, and this firm turns out annually a greater nn|nber 
of spindles of yam and a greater value of yarn and cloth than 
any other engaged in the trade. Their principal factory is 
unrivalled alike for extent and completeness. "It is," says 
Mr. Warden, " 132 yards long, 72 yards wide, and 20 feet 
high. The roof consists of 72 brick arches, supported on as 
many ir6n pillars, and secured together by strong iron-work. 
The brick roof has a thick coating of composition, to prevent 
the water from coming, through, and it is covered with earth, 
from which has sprung up a beautiful green sward. The glosa 
domes in the roof are each of them 48 feet round, 11 feet 6 inches 
high, containing 10 tons of glass, in iron window-frames. The 
total weight of the roof is 4,000 tons. There ore four steam- 
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enginos of 100 horao'power, aind two of 80 horse^power, and one 
engine of 7 liome-power which does nothing but blow hot or cold 
air into the room. The building covers more than two acres of 
ground, and it is supposed that 80,000 persons might stand in 
the room. This hall is occupied for spinning and weaving bj 
power, and the whole processes incidental to the trade, subse- 
quent to pickling, are performed in it, the flax going in in bundles 
and out in bales.” The goods made here, as in most of the 
linen factories of Leeds, are generally of the best description, 
oomprising damasks and the like. Large quantities of linen 
yam spun in Leeds are sent to Bamsloy, to Ireland, and to 
France ; and canvas and sacking, and other coarse and rough 
linen goods, are also made to some extent in the town and 
neighbourhood. 

The woollen manufactures of Leeds are chiefly carried on in 
mills, but the factory system has not entirely supplanted domes- 
tic manufacture. There are a number of small masters who 
employ a few journeymen, besides the members of their own 
family, and keep from two to four looms at work in their houses. 
Public mills, on the joint-stock principle, have been erected, 
which enable the small masters to compete, both as regards 
price and quality, with the large manufacturers. At one time 
the small weavers put the wool through all the prooesses till it 
was made into undressed cloth in their houses, but they now 
generally restrict their operations to weaving. In the “ Philo- 
sophy of Manufactures,” Mr. Ure states that the. woollen manu- 
factures of Leeds wore carried on in 1858 in 128 factories, 
with an aggregate of 2,924 horse-power, and employing 10,193 
persons, whose average weekly earnings amounted to 10s. 6d. 
eaoh. In the larger mills all the operations are performed, from 
the breaking of the wool to the finishing of the cloth. The 
woollen fabrics manufactured in Leeds cf>mpri8e broadcloths- 
the best quality produced being now considered equal to the 
West of Knglaud broadcloth — ladies’ cloths, kerseys, swan’s- 
downa, etc. 

^ The iron-works and maohine shops of Leeds are very exten- 
sive, and in 1858 employed 10,909 persons, who during the year 
received .42500,092 in wages. There were at the same date 
about 8,000 ironstone and cool miners occupied in the district, 
and 900 persons wore at work in the clay-pipe and brick fields. 
The most important of the minor industries of the town are 
tlie silk manufactory, which in 1858 gave occupation to 550 
operatives ; the manufacture of leather, which then employed 
2,000 persons j the chemical works, the earthenware works, 
and the glass-works, which employ together upwards of 1,600 
persons. 


PRINCIPLES OF DESIGN.— XVIII. 

BY CHRIttTOBHEK PHE8SER, RH.D., F.L.S., ETC. 

CARPETS [continued). 

In my last chapter I drew attention to the principle on which 
all carpet patterns should be constructed as distinctive from 
wall patterns, and in order to impress the necessity of giving a 
raiiiating basis to the ornaments placed upon carpets, and not 
a bilateral structure, I mu<lG reference to the principle of plant 
growth, where we notice that all plants when viewed as floor 
ornaments, when viewed from above, are of a radiating charac- 
ter ; whereas if they are seen as wall or vertical ornaments, they 
are either radiating or bilateral : this is a necessity of a carpet 
pattern, that it have a radiating structure, or, in other words, 
that it point in more than two directions. 

Mon naturally at^customed to tread on grass when brought 
ito a state of civilisation, seeks some covering for his floor 
which shall bo softer to the tread and richer in colour than 
stone or brick. And in our northern climate he seeks also 
warmth ; hence he chooses not a mere matting, or lattice of 
reeds, but a covering such as shall satisfy these requirements. 

In early times our floors appear to have been strewn with 
sand-— a custom still linge^ix^f iu some country districts ; then 
came the habit of strewing reeds over the floor, and, on the 
part of the opulent, sweet scented reeds (Acorns calamus). 
And it is ourions to notice, in connection with this subject, that 
one of the charges brought by Henry VIII. against Cardinal 
Wolsey was that of extravagance in the use of sweet reeds. 
This use of reeds was succeeded by tlie employment of mate of 
■implo appearance, formed of a kind of grass, and these by the 


introdnotion of wool mats, which, at first, were chiefly im- 
ported, but afterwards manufactured in Groat Britain. The 
wool mats were in their turn replaced by carpets, which gradu- 
ally increased in size till their proportions became such as to 
oover tee entire floor on which they were placed. 

This brief history brings us to notice what is required of a 
carpet: thus, it should be soft in texture, rich in appearance, 
and of “ bloomy ” effect. 

We may add to these requirements by saying teat a carpet 
should also be a suitable background to all works of furniture 
! or other objects placed upon it, and that in character it should 
I accord with the objoota with which it is associated in any 
particular apartment. 

Considering more fully these requirements, we notice that a 
carpet should be soft. This is very desirable, for softness 
gives a sense of comfort, and with softness is generally com- 
bined durability ; but softness can scarcely be regarded as an 
art-quality. Yet as the art which an object bears is more 
leniently viewed when the fitness of the object to the purpose 
for which it is intended is apparent, we may safely regard soft- 
I ness as a very desirable quality of a carpet. 

I The Eastern carpets are pre-eminent in this quality of soft- 
ness, and of English-made carpets “Brussels” and tapestry 
are tee least satisfactory in this way as usually ^ade, they 
having a hard “ backing.” A kind of Brussels carpeting with 
a soft book has recently been brought out, but at present it is 
I not general in the trade. If the carpet employed in any apart- 
ment as a floor covering is harsh in character, it is desirable to 
plaoe soft felt under it (felt for this purpose can be got at 
carpet warehouses), or evenly spread soft hay, for by so doing 
tee wear of the fabric will be gpreatly inoreased, and the pleasure 
of walking on it will also be correspondingly greater. 

The next quality of a carpet is richness. No carpet is satis- 
factory which is “ washy ” or faded in appearance. There 
mast be “ depth ” of effect, a “ fulness ” of art quality. Hang- 
ings may be delicate, waU-deoorations soft in tint, but a carpet 
must be rich and “ full ” in effect. 

But this riohnesa must be of singular character, for the most 
desirable effect which a carpet can present is that of a glowing 
neutral bloom. 

I hope that my language does not appear mystical to the 
j general reader or young student. To the omamentist I 
think it will bo intelligible. What I wish to say is that the 
effect should be glowing, or radiant, or bright, as opposed to 
dull, quiet, or heavy ; that it should be such as results from 
the use of a predominance of bright and worm colours, rather 
than of cold and neutral hues ; that it should be neutral, 
inasmuch as it should not present large masses of positive 
colour, but should have an equality of rich harmonious colours 
throughout; that it should be “bloomy,” or have the effect 
of a garden full of flowers, or better, of the slope of a Swiss 
Alp, where the flowers combine to form one vast harmonious 
“glow” of colour. This is the effect which a carpet should 
present, yet it should never present flowers, imitatively ren- 
dered, as its ornamentation. Such imitative renderings are 
not to be produced by the omamentist ; they must come from 
j the pictorial artist, for they are pictures. They cannot form 
suitable bacskgrounds to furniture and living objects, for they 
aro positive, and not neutral, in their general effe^, A picture, 
also, will not boar repetition: whoever heard of any person 
having two copies of the same picture in one room? Yet a 
pictorial group of flowers may be seen repeated many times 
over a floor, which is very objectionable. The effect to be 
produced is that of a rich “colour bloom;” but the skilled 
omamentist will achieve this without violating any laws of 
fitness, and will gently and delicately hint at the beauty of a 
profusion of blossom through his tenderly-formed pattern. 

Tot a carpet must bo neutral in its general effeot, as it is the 
background on which objects rest. Neutrality of effeot is of 
two kinds. Large masses of tertiary or neutral colours will 
achieve its production, so also will the juxtaposition of the 
primary colours iu small quantities, either alone, or with the 
secondary colours, and black or white ; bat there will be this 
difference between the two effects — teat produced by low-toned 
colours will be simply neutral, while that produced by the 
primary colours will be “ bloomy ” as well as neutral, and if 
yellows and rods slightly predominate in tee interminglmg of 
colours, tee effeot wfll be glowing or radiuit. 
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The xadiuii, or glowingt bloomy neutrality oi effeot is that 
which it it moat dei^ble that a carpet ehonld present. 

This effeot ie rarely produced & Bnglieh carpets, owing 
either to the want of sl^ on the part of the orxiamentist, who 
is unable to produce such worics ; the want of judgment on the 
part of the manufacturer, wheraby he faQs to produce such 
patterns ; or the want of taste on the part of &e consumer, 
owing to which he buys works of a mm^ vulgar character. I 
designed six carpets for Messrs. Orossley and Sons, of Halifax, 
which were afterwards shown in an Intmational Exhibition at 
l^th Kensington, in which I sought to realise as much of this 
effect as I ooi^d with six colours — ^the number to which I was 
limits by the oonditioDS of manufacture; and fortunately 
these appeared to oommand a large sale, and to set, to a oertaiu 
extent, a fashion in carpets; but those who wish to study 
these bloomy effects in their more perfect forms, must do so in 
the carpets of India, Persia, Smyrna, and Morocco, but espe- 
cially in the Indian mgs. 

Some of the carpets from India are perfect marvels of colour, 
harmony, and of radiant bloom. They appear to glow as a bed 
of flowers in ^e sunshine, and yet ^ey are neutral in their 
general effeot, and when placed in an apartment do not usurp 
a primary place, as does any piotoriaUy-treated pattern. 

This ** bloom ’* was seen to perfection in one or two silk mgs 
which were shown at the International Exhibition of 1862 in 
London, and it was not much less apparent in some of the 
carpets from India shown in the Paris ^hibition of 1867, the 
most lovely of which was purchased by John Lewis, Esq., now a 
partner in the firm of Messrs. Orossley and Sons. Most Indian 
carpets have this colour-bloom to some extent, and few are 
unworthy of careful study. 

Persian carpets (Pig. 64) are also models of what carpets 
should be; they are less radiant than many of the Indian works, 
but are almost more mingled in colour-effect. In pattern, many 
of the Indian and Persian carpets are identical, being tradi- 
tional, yet in colour they differ, and both are worthy of the 
most careful consideration. 

The Morocco carpets (Fig. 65) differ again from both those of 
India and Persia, and even to a greater degree than the Persian 
carpets differ from the Indian. In these there is often a pre- 
valence of soft yellows and juicy yellow-greens, intermingled 
with rods, blues, and grey-whites,' in such a manner as to pro- 
duce a most harmonious and artistic effect. To the young 
student, and to any who may desire to cultivate his taste in 
respect to such matters, I say, Study the carpets of India, 
Persia, and Morocco most carefully. 


ELECTRICAL ENGINEERING.— XXI. 

BT BDWA.BI> A. O’XSBFFE, B.X., A.B.T.E., 

Lemotuitxator In fiHeotrloal E&xiueerinx, City and Qoilds of London 
Technical College, Finsbury. 

MEASUEBMEWT OP BESISTANCE8 BY THE METEB BEIDGB 
-POSTBBS METHOBOF MEASUEING A SMALL BIFFEE- 
ENCE BETWEEN TWO BBSISTANCES. 

Thxec ia a piece of apparatus which is often extremely useful 
for measuring resietanoes ; it is known as the metre bridge, and 
is illustrated in Fig, 50. 

A thick copper l)and is firmly fastened on a wooden base so 
as to form three sidM of a rectangle, the fourth side consist- 
ing of a platinum wire w w, exactly one metre in lengtli. The 
copper band is broken at four places, in each of whioh a resist- 
ance can be inserted when desired by means of the binding 
screws which are fixed, one at each tide of the break. Two such 
resistances; marked known and unlmoum, are shown in Fig. 50, 
which also shows the connections usually made for measuring a 
resistance. The battery b is attached outside tliese resist- 
ances, while the galvanometer o is attached, one end to a bind- 
ing screw between them, and the other to u light brass frame, 
X, which can slide along the board and make contact at any 
point with the plt^num wire, w u», over which it slides : the 
position iff this ceettsot can be ddtemhied by means of the 
scale against whioh the brass frame slides, and whioh is gra- 
dtmted in millimetres. In the present case three platinum 
Vires are shown, which give the apparatus three different 
degrees of sensibility* The changes for different degrees of 


sensibility are made by means of the plug B, which can be 
inserted in either of the holes K or h, Wl^ inserted in the 
hole B, only the single wire to to is used ; when inserted in h 
the two outside wires are joined in series, while the centre one 
is out out; and if the plug be withdrawn, all three wires are 
placed in series. Tlie longer this wire is made the more aoourate 
ia the test, and a still greater degree of aoouraey can be ob- 
tained by inserting a known resistanoe in each of the breaks 
in the oopper strip noiarked and gg. 

The slid^ frame is shown on a larger scale on a separate 
part of the diagram. The point marked k is a platiimm-tipped 
knife edge, whioh, when pressed down by the ^y k, makes a 
shurp clean oont^t with the wire. This point, Ic, is fixed 
to a lever ll, which is hinged about an axis passing through 
A A, and whioh is kept pressed up by a spring. The point fc 
has a small motion at right angles to the length of the wires, 
so that it can be made to rest on any wire as desired ; and ic 
is kept in this position by the spring 6 fitting into one of the 
three small grooves out on the upper face of the lever L l ; 
in the diagram it is resting in the middle groove, and the 
point K oonsequently rests on the middle wire. 

The only difference between this method and that of the 
Wheatstone bridge is, that in the Wheatstone bridge three of 
the resistances jeltb fixed, and the fourth is altered ; while 
with the metre bridge only two of the resistances (those 
marked known and unknown) are fixed, and the other two are 
altered by means of the eliding contact. With the metre 
bridge, the sliding contact k is moved along the wire till a 
point is reached, where, by depressing the key, no current 
flows through the galvanometer; i.e., balance is obtained. 

Then, if = tlje distance from p to K, 
and dg =::: ,, „ ,, K „ p, 

the unknown resistance = ^ x known resistanoe. 

The metre bridge is very convenient for measuring off lengths 
of wire. A piece of the wire of known length is used as the 
known resistanoe, and since resistance is proportional to 
length, when balance is obtained the equation becomes 

unknown length = •— x known length. 

The aoourate determination of a small resistance is a problem 
of oonstaut oocurronoe, and is one which presents many diffi- 
culties when attempted by any of the ordinary methods. The 
differential galvanometer, as usually used, is utterly unsuitable, 
since the accuracy of the method depends on having the known 
resistance *box as finely subdivided as the test is meant to be 
accurate. The Wheatstone bridge can only measure as low as 
*01 ohm, and even then the ratio coils of the bridge must be 
thoroughly trustworthy; another place of deoim^s may be 
obtained by taking deflections to each side of zero, as described 
in the last chapter, but in any case the method is unsatisfac- 
tory. The case which most nsnally arises, is that in whioh it 
is required to determine the resistanoe of a coil by comparison 
with a standard coil whose resistance has previously been accu- 
rately determined. The method most 8 uiU.ble for doing this 
is that known as Foster’s method,’’ and the apparatus used 
is the metre bridge. 

FOSTER’S METHOD. 

The battery and galvanometer are in the same positions as 
in the previous test. Two resistanoe coils, whose resistances 
need not be known, but whioh must be nearly equal, are in- 
serted, one in the place of the coil marked known, and the other 
in the place of the coil marked %mknown. 

Let A = the resistanoe of the coil in the poeition marked 
unknoten. 

Let B the resistanoe of the coil in the position marked 
known. 

The short circuit oopper band at 8 i is removed, and the 
standard resistance coil is there ineerted by means of two stout 
oopper wires, dipping into two meroury reservoirs made of 
pamAn blocks. 

Let 8 = the resistance of this standard ooiL 

The coil whose resistanoe is to be determined is inserted in 
a similar manner at the break 83 . 

Let X = its resistance. 
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Let fJL = the resittanoe^ of one oentimetre of the platinnm 
wiie, which is supposed to be of uniform resist- 
anoe throughout its length. 

With these oonneotions a balance is obtained with the key 
X, at some point along the wire distant from the point p, by, 
let us say, I, centimetres. 

The ooils 8 and x are now interchanged, 8 being placed in 
the position which x previously occupied, and x being placed 
in the position which 8 previously occupied. A new balance is 
now obtained at a distance of, let us say, li, centimetres from p. 

From these two tests ihe resistance of x is obtained in terms 
of 8, and the resistance of a oentimetre of the platinum wire, 
thus 

The resistance of x=: s + 

The degree of accuracy obtain- 
able by this method depends 
upon the resistanoe of a centi- 
metre of the platinum wire which 
is seldom greater than *005 ohm ; 
and as the wire is divided into 
millimetres, and with a little prac- 
tice it is possible to estimate to 
one more place of decimals, there 
should not be the slightest difficulty 
in determining the resistanoe of 
X accurately to the fourth place of 
decimals. 

The method is admirably adapted 
for comparing reputed ohm coils 
with a standard coil kept for re- 
ference. Since the accuracy of the 
test depends upon the assumption 
that the resistance of the platinum 
wire is perfectly uniform, it becomes 
necessary from time to time to see 
if this assumption is correct. 

Where the wire has been in use for 
along time, the constant depressing 
of the knife edge on it wears away 
its upper surface, and thus disturbs 
its uniformity of section and oonse- 
quently its uniformity of resistanoe. 

When this is the cose the wire 

should be carefully calibrated, and the resistanoe of each sepa- 
rate oentimetre of its length accurately determined.* 

^ One of the best features of this method of measuring a re- 
sistance is, that the resistanoe due to the contacts as well as 
that due to the copper bands is entirely eliminated ; the only 
contacts not eliminated are those which the ooils x and a make 
with the mercury, and these for all practical purposes may be 
neglected. 

The proof of the above formula is as follows : — 

Let a = the resistanoe of the copper band and all contacts 
between the point where the battery wire joins 
the band and the point p. 

Let h rr the resistance of the copper band and all the con- 
tacts between the point where the other battery 
wire joins the band and the point p. 

Let li = the resistanoe of the whole length of the wire w w, 

^ Then, as in the case of the Wheatstone bridge, when balance 
18 obtained from first test^ 

I -f* a 4* A 


s-fa + jul + x-l-ft-f- A 4- B 

B 

a4-x4‘Ti4'a4‘5 a 4- B 

X4L4'5-Aii~‘ b' 

And from the second test— 

X 4~ 4* ^ A 

„7C— •=» 

* TWi osUbration can he best done by Hoddn and Hattbieesen*s 
method desoxibed in Andrew Orsy's book on ** Absolute Measure- 

meats.” 


s4-6 4{L~yay 

4 B 4 L 4- a_+ 5 _ A 4- B 
84-L4'6-^l2 B * 

X 4- 8 -f - L H- a 4- h 84-x4-L4-a4*6 

8 4* L -i- 6 - "x 4 L -H b -- fir ^ 

s4-L4‘5-/uii = x-fL4-b-M^; 
x=;8 4m(«~1,). 


Fig. 50.— THB mbtbe bridok. 

Thus the difference in resistance between x and 8 is expressed 
in terms of the resistanoe of a centimetre of the wire. If this 
difference be greater than the resistance of the wire, it is clear 
that the measurement cannot be made, since a balance could 
not be obtained at any point on the wire. 

The method can then only be used for measuring the differ- 
ence between the resistances of two coils when that differonr»e 
is loss than the resistance of the wire of the bridge : the ab- 
solute resistanoe of ooils (within large limits) is unimportant. 
The resistances a and b need not be known, but they must be 
so near each other that a balance can be obtained on the 
wire ; if they differed greatly this balance could not be ob- 
tained. 


TECHNICAL DKAWING.— XL. 

DBAWINQ FOB STONEMASONS. 

THE AROH: VARIOU8 FORMS OF ARCHES AND VAULTS. 

An arch in masonry is a part of a building suspended over a 
given space, supported only at the extremities, and concave 
towards the plan. The general history and principles of con- 
struction of arches have been given in ” Building Construction;** 
only such portions of what has there been said are repeated as 
are nooessary for the farther investigation of the subject ; and, 
for the rest, the student is referred to the lessons alluded to. 

The Supports of an arch are called the spring walls. 

The whole of the under surface of the arch opposite to the 
plan is called the intrados, and the upper aide is termed the 
ewtrados. 

The boundary line or lines of the intrados, or those common 
to the supports and the intrados, are called springing lines of 
an arch. 

A line extending from any point in the springing lino on the 
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one Bide of the arch, to the Bpringingr Hnp on the opposite side, 
is called the chord or $i>an of the arch. 

If a vortical plane l>e supposed to be contained by the span 
and the in trades of the arch, it ia called the section of the 
hollow of the arch. 

The vertical line drawn on the section from the middle of the 
spanning line to the intrados Is called the height of the arch, 
as also the middle line of the arch, and the part of the arch at | 
the upper extremity of this line is called the crown of the arch. | 

The curved parts on the top of the section between the crown 
and either extremity of the spanning line are called the haunches 
or flanks of the arch. 

Artilios are variously named, according to the geometrical 
figure by moans' of which they are fcirmed, as semi-circular ^ j 
elLipticalf cycloidal^ caimeurian, parabolical, etc. : these, as well 
us the horseshoef sUlUd^ compositef and pointed, together with 
the method of constructing them, have been given in the lessons 
in “Building Construction.*’ 

When the extremities of an arch rise from supports at un- 
ecj[ual heights, the arch is called rampant. 

When the upper line or side of an arch is parallel to the 
under Une or side, it is called an e^^tradossed or concentric 
arch (Fig. 3(13). 

When the outer side of the curve is drawn from another 
centra, it is called an eccentric extra, dos (Fig. 364). 

The term arch is frequently confounded with vault ; but the 
distinction wo shall adopt here is based on the degree of depth, 
an arch being a struoture of no very great depth from one side 
to the other, whilst a vault may be unlimited. Thus we say 
“an arch in a wall,” but “a vaulted apartment or cellar,” so 
that a vault is an extended arch. Practically, every vault is on 
arch, but every arch is not a vault. 

A vault is cyUndric when its form is that of a cylinder, 
never greater than the half when the axis is in the same x)lan6 
with the springing of the arch. It is also termed barrel or 
wagon-headed, 

A vault in full centre is that which is formed of the surface of 
a sexni-oyliuder. 

A vault is said to be surmounted, or surhausse, when it is 
formed by the portion of any curve where the height is greater 
than half the span. 

A vault is termed surhaise when the height at the crown ia 
less than half the width of the springing. 

A rampant vault is one the springing *of which is not 
parallel to the horizon, as in many ataircases descending into 
oellara. 

Co7iic vaults are, as their name implies, of the form of a cone. 
They may be of tbreb kinds, according to the disposition of the 
axis — viz., parallel, perpendicular, or oblique to the horizon. 

Spherical vaults are nsunlly called domes. All domes arc, 
however, not spherical, since they may spring from a polygonal, 
circular, or elliptic plan, presenting a convex surface on the 
outside, and a concavity within, so that every horizontal section 
may be of a similar but difierent*sized figure, and have a common 
vertical axis. 

The word dome ia generally api)lied to the external imrt, and 
cupola to the inner part. 

It is believed tlnvt the term is derived from the Latin word 
domus, a house. The Germans call it dom, and the Italians 
duomo, and apply the immo to the principal church of a city, 
although the building may not have any dome. 

An annular vault is one of which the plan is contained 
between two oonoentrio oirdes ; its generating section may 
either be that of a pointed arch or of a semicircle, or, indeed, 
of any other curve. 

A simple vault is one which is constructed of the surface of 
some regular solid, around one axis or centre. 

A eompownd vault is one which ia made up of more than one 
surface of the same solid or of two diffSerant solids, such as 
w('uld be formed by two cylinders or spheres penetrating each 
other. 

Cyli/ndro-eylindric vaults are such as are formed of the 
surfaces of two unequal cylinders. 

Qroined vaults rise in their surfaces to the same height as 
two equal cylinders, or a cylinder with a cylindroid. Several of 
these arches or vaults will form the subjects of future lessons. 

We now proceed to give the method of drawing the examples 
in Vige. 363, 364, 365. 


Fig. 863 is the elevation of a oonoentrio somi-oiroiilar arch. 
The student is reminded that in this all the joints must be radii 
of circle of which the arch is one-half, and that the separate 
stones of whitHi the arch is built are called voussoirs, the middle 
one being the Iceyatone, and the two lowest — that is, those 
resting immediately on the abutments or piers— being termed 
springers. 

Fig. 364. — This example diows a section of a semi-circular 
vault with an eccentric extrados. This sytltem is much more 
solid than that shown in Fig. 363, whilst the depth at the crown 
is the same. 

To draw the eccentric arch, the intrados A. B c having been 
described, and the height of the extrados having been fixed at 
D, sot ofl: from b two-thirds, three-fourths, or oven the whole 
length, A c — viz., to e — then, with radius e d, describe the 
exisados f x> a. 'Vhe divisions of the voussoirs must be set off 
on the intrados, the joints converging to the centre o. 

Fig. 865 shows the manner of terminating the arch by hori- 
zontal and vertical lines. These are drawn from the points 
where the i*adii cut the extrados. When it is desired that the 
horizontal lines should coincide with the courses of stone, the 
horizontal joints are continued until they cut the radii ; this is 
shown in the right side of the example. This method is not so 
good as that shown on the left side, whore the pressure is 
borne nnifbrmly by the whole joint ; for it will be seen that an 
interior angle has to bo out in the under surface, into which an 
external angle cut in the stone beneath must fit ; but if this 
angle is not out with the utmost accuracy, the construction 
would be oompromisod by the transverse crocking of the stones 
when under pressure. 

' Fig. 366 is an arch formed by the segment of a circle. This 
method is frequently employed in the construction of bridges. 
It will be soon that the intrados having been divided into 
the- required number of parts, the joints for the voussoirs, 
which are radU of the arc, are carried up, and are intersected 
in groups by the horizontal courses of the stonework. 

Fig. 367 shows a semi-elliptical arch, the curve of which may 
bo constructed in any of the various methods shown in “ Prac- 
tical Geometry applied to Linear Drawing.” To find the direc- 
tion of the joints, which must be perpendicular to the curve, 
divide the intrados into the .required numl>or of equal parts, 
and from the foci p and p draw Unes to each of these points, as 
shown at A ; bisect the angle thus formed, the bisooting line 
A c will be one of tho joints required. 

It will be seen this is an illustration of a surbaised vault, the 
height at the crown being loss than half the width of tho 
springing. 

Fig. 368; — This is a rampant arch. To draw the intrados of 
this, the height of the imposts A and B being given, draw the 
line A B joining the imposts, and bisect it in c. At c draw a 
vertical line, and make o p equal to c b. From ii draw a line 
at right angles to a b, intersecting horizontal lines drawn at 
A and B in P and e, which will be the centres required. 

Draw the arc D B with the radius E D, and the arc p A with 
the radius F J>. n 

Divide the intrados into the required number of equal ports, 
and tho joints will be radii of the arc in which they are con- 
tained. 

Platbands. — A platband is any flat square moulding whose 
height much exceeds its projecture. Such are the faces, or 
“ fasciaD,” of an architrave, and the platbands of the modillions 
of a cornice. 

The platband of a window or door is used for the lintel, 
where that is made square or not much arched. These plat- 
bands are usually crossed with bands of iron when they have a 
great bearing ; but it is much better to ease them by building 
discharging arches over them. The uses of both lintels and 
discharging arches have been explained in lessons in “ Building 
Construction.” 

Fig. 369.-— The whole platband of a window or door, which is 
simply a straight arch, must form a trapezium, a b c d, of 
which the upper line, or extrados, p o is, of course, the longest 
side ; and each of the stones should be of the trapezium or 
wedge-like form, so that none of them may slip between the 
others. 

To accomplish this, divide the intrados A b into an uneven 
number of equal parts. Construct on a b the equilateral triangle 
(which form is usually adopted) a b o. Draw the line from o 
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through ih« poixiti in the intrsdoe, onttiiig the extmdoe. 1!lieee 
linee will give the keystone and the youssoira. 

Fig. 870. — ^In this figure another method is shown which mate- 
rially adds to the strength of the arch. To construct this f onU) 
diyide the intrados as before into an nneyen number of ^ual 
parts ; produce the sides of the piws beyond ▲ and B, and draw 
the line c n. From the points oi diyision draw perpendiculars, 
as K, and from D, K, etc., draw the joints. It will be observed 
that the pressure is thus brought to be as much as possible 
downward instead of outward, since the main bearing of the 
platband is on the horisontal top of the pier B H F. 

Fig. 871 is another example for drawing a similar subject, in 
which increased strength is given by increasing the depth of 
the vouBSoirs as they approach the keystone. The method of 
drawing this subject will be understood from the previous 
examples. 

NOTABLE INVENTIONS AND INVENTORS. 

XVII.-THB DIVING BELL (concluded). 

BT JOHN TIMB8. 

Db. Hallbt also invented an apparatus by which a man might 
leave the diving-boU and walk about at the bottom of the sea, his 
head being covered by a heavy leathern cap, like a small diving, 
bell, supplied with air by a flexible tube extending from the 
large bell. The diver was to coil this tube round his arm, 
and unwind it as he loft the bell ; and to use it as a olue to 
direct him to the bell in returning. The modem invention of 
water-proof india-rubber cloth water-tight tubes is well known. 
By those tubes, so long as the head-covering or helmet is above 
the level of the water, it wiU be kept full of air ; and in case of 
having to stoop below that level, os in getting out of or into 
the bell, the diver has only to close a valve, by which the air in 
the helmet is prevented from returning into the boll. The 
front of the helmet is glased, and the diver was enabled to 
walk by means of a weighted girdle and weighted clogs. 
Aquatic armour supplied with air from above, or carrying a 
store in its cavities sufficient to last for the time the diver 
intends to remain submerged, has been little used. As early 
as 1715, a diving apparatus, consisting of a case ior enclosing 
the person, with the arms protruding in flexible sleeves, was 
contrived and used for many years by one John Lethbridge, of 
Newton Abbot, Devon. This apparatus was supplied with air 
by flexible pipes. A similar machine, contrived by Mr. Bowe, 
in 1753, was lowered by tackle, like a diving-bell. At Newton 
Busholl, Devon, an ingenious person contrived a large strong 
leather water-right case, to hold half a hogshead of air, and 
adapted to the legs and arms, with a glass in front, so that the 
wearer could walk about easily at the bottom of the sea, 
examine a wrecked vessel, and deliver out the salvage. The 
inventors of this apparatus used it forty years, and thereby 
acquired a large fortune. 

Among the early projects for submarine navigation should be 
mentioned DrebbeVs vessel to bo rowed under water, which was 
tried in the Thames by order of James I., and carried twelve 
rowers besides passengers. It is dosoribod by the Hon. ]^bert 
Boyle, who states the chief secret to bo ** the composition of a 
liq^d that would speedily restore to the troubled air such a 
proportion of vital parts as would make it again for a good 
while fit for respiration.’* But the composition of this liquid 
for enabling the same air to be used again and again was never 
made publio. 

Bishop WilkinB, in 1C 18, devised an *'Ark for Submarine 
Navigarion/* in which he stotes ** all kinds of arts and manu- 
factures may be exercised. The observations made by it may 
be both written and (if need were) printed here likewise; 
several colonies may thus inhabit it, having their children bom 
and bred up without the knowledge of land, who could not 
choose but be amased with strange conceits upon the discovery 
of this upper world.'* The bishop adds t " I am not able to 
judge what other advantages there may be jBuggestod, or 
whether experiments would fully answer to these notional con- 
joctures.*’ In 1774 a pi^ector named Day lost his life in an 
experiment to descend in Plymouth Sound, with a vessel of 
about fifty tons burden, which he thought he could have caused 
to rise after a lapse at several hours. A long account of this 
failure was published* The machine by Bortmell, of Conneo- 


riont in 1771-5, for submarine navigation, was very suooess* 
ful ; his vessel was propelled by screws. Mr. Babbage loi^ 
sinoe laid down a phm of a vess^ for submarine navigation, in 
whioh he proposed to use oxygen, condensed in store vess^, 
to replenish the air, and to al^rb the oarbonio acid produced 
by respiration, either by cream of lime, or by a strong solution 
of ammonia. The principle of Payeme’s diving-l^ is the 
production of pure air fit for the respiration of man, and for 
supportmg flame without communication with the external air. 
Deane’s £ving apparatus has been much used in submarine 
descents for the purpose of exploring various wrecks. In 1834, 
equipped in his diving dress, Deane descended by the ladder 
from the Mary, in seventy-two feet depth of water, to the 
wreck of the Boyal Qeorget the condition of whioh he repre- 
sented, and slung and sent up one of the veasers brass guns, 
a twenty-fonr pounder ; by the same means six other of her 
guns were removed. Deane likewise attended Walker and 
Burgess, the engfineers, and frequently descended to the 
foundations of old Blaokfriars Bridge, and examined the work 
in progress. Heinke’s diving apparatus was employed in 
removing the foundations of old Westminster Bridge, for five 
years, without any accident. 

In the year 1888 the diving-bell became the paramount 
attraorion of the Polytechnic Institution in Begent Street. It 
was oonstruoted of cast-iron, weighed three tons, was five feet in 
height, and five feet four inches in diameter at the mouth. It 
was lighted by twelve openings, of thick plate-gloss, secured by 
brass frames to the bell, whioh was suspended by a massive 
chain to a large swing crane, with powerful crab, the windlass 
of which was grooved spirally. The chain pas^ over four 
times into a well beneath, and to it was suspended the oompen- 
sation weights, which, by acting upon the spiral shaft, accurately 
counterpoised the bell at all depths. Two powerful pumps, 
of 8-inoh cylinder, conveyed air into the bell by leather hose 
lined with caoutchouc cloth, and fitted inside with spiral wire. 
Nearly round the inside of the bell was the seat ; and on the 
side was a knocker, under whioh was painted — " More air : 
knock once. Loss air: knock twice. Pull up: knock three 
times.” Provision was made for adding weight to the bell; 
and outside six massive vertical straps met on the crown in a 
double ring, by which the bell was suspended from the orane. 
The four or five divers (visitors) having taken their seats, air 
was pumped through the hose screwed into the crown, the 
bell was moved over the tank of water by the orane, let down 
within two feet of the bottom, and then drawn np. Each 
person paid one shilling for the descent, whioh has been known 
to yield the sum of ^1,000 in one year. The cost of the bell 
was about J£400. 

Sir George Head, in his popular "Home Tour,” has well 
described a pair of operative divers, whom he saw in the Hull 
docks. Sir George was passing as the workmen were raising 
the diving-bell, when, as the bell was raised very slowly, he 
looked within it, by stooping, at the moment its side was above 
the gunwale of the lighter. The pair of divers had been under 
water two hours. Their Bcnsations on going down (before a 
man was used to it) produced a feeling as if the ears were 
bursting ; on the bell first dipping, they were in the habit of 
! holding their noses, at the same time of breathing as gently 
as possible, and thus they prevented any disagreeable effect. 
** Had there been anything extraordinary to see below,” says 
Sir George, " X should have asked permission to go down ; but 
the water was by no means clear, and the muddy bottom of the 
docks was not a sufficient recompense for the disagreeable sensa- 
tion. Two men descend at a time, and four pump the air into 
the bell through the leathern hose ; the bell is nearly a aquarcr 
or rather, an oblong vessel of cast iron, with the two bull’s-eye 
lights at the top, which lights are fortified within by a lattice 
of strong iron wire, sufficient to resist an aooidental blow of i 
crowbar or other casualty.” Sir George concludes : " Notwith- 
I standing the great improvements made in diving-bells sinoe 
I this invention, after all precautions, a man in a diving-bell is 
I certainly in a state of awful dependence upon human aid ; in 
I ease of the slightest accident to the air-pump, or even a single 
stitch of the leathern hose giving way, long before the pon- 
I derous vessel could be raised to the surface, life must be 
j extinct.” Nevertheless, Sir George had previously remarked, 
** the service cannot be formidable, as the extra pay is only one 
I shilling per day.” ^ 
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MINING AND QUARRYING.— IX. 

ST OBOBOB GT<A2>ST0MB, B.C.B. 

IBON. 

KOOB 01* SlfBLTINa ORB~THX FXJBL— THB FLUX — TBMFBSA- 
TUBB OF THB FUBNAOB—DIFFBBBBT gUALITlBS OF PIO- 
XBON— XBON FOUKDXNO. 

In the preient paper we shall deeoribe the method by whioh 
the smelting at ^e ore is carried on. 

As a preliminary step the furnace has first to be put into 
blast, a process occupying upon the old plan a fortnight to three 
weeks, but now somewhat reduced. The building must in any 
case be heated up very gradually, because a too eudden driving 
off of any moisture, and too rapid an expansion of the materials 
of whioh it is built, would weaken ^e whole edifice. The 
modem plan is to fill the hearth with wood, cover that with five 
or six tons of coke, and then alternate layers of limestone, coke, 
and a little ore, until the furnace is about one-third full. The 
wood is then kindled, and the fire gradually makes its way up- 
wards. As soon as it has extended through the whole mass, 
more materials are thrown in, the quantity ^ ore being gradu- 
ally increased, until the furnace is full When the whole is 
incandescent, the blast is turned on gently for a day or two, and 
then to its fuU strength, when the blowing in is completed. 

When regularly in bliuit, the charge consists of three articles 
only — the ore, the fuel, and the flux. No one rule can be laid 
down as to the propiortions in whioh they should be used, 
because this depends upon a variety of considerations, the most 
important of which is naturally the per-oentage of metal oon- 
ta^ed in the ore itself : one-eighth of flux, and three-eighths of 
fuel, to four-eighths of calcined ore may be taken as approxi- 
mate proportions ; but how greatly these vary may be illustrated 
by the fact that the red hssmatites scarcely need any flux at 
all. There is, however, one rule of uniform application ; that 
the furnace must be kept full. The charge is thrown in tbmugh 
the door in the chimney, or into the hopper of a dosed furnace, 
on a level with the gallery, relays of workmen being constantly 
employed in keeping up ihe supply both by day and night. The 
furnace is tapped by driving a crowbar through the tap-hole 
below the dam-plate at the bottom of the hearth, so as to 
remove the sand, when the molten iron runs out. Before the 
tapping the blast is stopped ; and as soon as the liquid iron has 
ceased to flow the tap-hole is closed with some fresh sand, the 
blast is turned on again, and the smelting pr >oeeds as before. 

The fuel is now almost always applied in the form of coke. 
It is generally made on the spot, and for this purpose the coal 
employed should be as free as possible from sulphur, and should 
leave but little ash. The cokes made from the bituminous 
coals of the north of England contain on an average about 
0*60 per cent, of sulphur, some portion having alre^y been 
volatilised and driven off in the process of coking. In the 
neighbourhood of Swansea anthracite coal is used in some works 
instead of coke. It has the advantage of being very free from 
sulphur, but it is difficult to work with, as it will not bum 
except at a very intense heat, often exceeding even that of a 
blast-furnace. Some of the anthracites will indeed scarcely bum 
at all ; they decrepitate and form a fine powder, whioh ooUects 
at the bottom and becomes a regular nuisance by choking up 
the furnace and impeding the draught. For ^ese reasons 
anthracite is but HtUe used in Great Britain, though in the 
United States it is the fkvourite coal for aU sucffi purposes, the 
American anthracite burning far more freely. In England 
bituminous coal is seldom used alone, though not unfrequently 
a small portion of it is mixed with the coke. In Scotland it is 
more common to smelt the black-band ironstones with the 
hard splint coal in its natural condition. In some few fumaoes, 
especially where the best red hmmatites are smelted without 
intermixture of any inferior ores, charcoal is still used ; a very 
superior iron is the result, whioh fetches a high price. 

Limestone is almost universally employed aM the flux. It 
seems to be providentially supplied for ^e purpose, the Car- 
boniferous limestone iriiioh is associated with the coal and iron 
beds of that scries being very pure, and therefore suitable for 
the smelter. The three articles, the ore, the fuel, and the flux, 
are therefore generally found in Nature in juxtaposition ; but 
the ironmaster is really still further favotmed, for the same 
geological formation supplies also the millstone grit, which is 


ihe best stone that can be found for building blast-fuxnaoes, 
and the fire-clay from whioh the fire-bricks are made. The 
whole of the important articles required by the smelter, ^th for 
the fixed plant and the current work, xnay therefore bo ob1»ined 
upon the spot At Dudley, the SUnrian limestones lie in imme- 
diate^ contact with the coal- and iron-bearing strata ; and the 
Silurian hills being favourably situated for working, toey have 
supplied the flux for the neighbouring fumaoes from time im- 
memorial. Chalk, whioh is brought as ballast from the south 
of England, is often used to mix with other lunestones in the 
Cleveland and Durham districts. After evaporating to dry- 
ness, the chalk and other limestones selected for the purpose 
contain from 96 to 98 per cent, of carbonate of lime. 

In the beat works all the three ingredients are subjected to 
analysis, to ascertain whether they contain any objectionable 
dement, and to facilitate calculations as to the best proportions 
in which each should be used, so as to produce, without any 
waste of ^materials, those chemical reactions whioh ore necessary 
to free the metaUic iron. The heat of the furnace drives off the 
carbonic acid from the lime, whioh then combines with the silica 
and other eartl^ ingredients contained in the ore, forming a 
I liquid slag, while the metal itself, being of greater specific 
I gravity, finds its way down to the Imttom of the furnace. The 
workman is principdly guided by the appearance of the slag 
which issues from the cinder notch, as to whether the furnace 
is working satisfactorily; the colour, vitrification, and trans- 
parency of the slag when cooled being some indication of the 
character of the iron whioh is being produced. So slight a 
change of circumstances will affect the quality of the metal, 
that pigs yielded by the same tapping will prove to be of two, 
and sometimes even of three, different qualities. 

It is impossible to ascertain the temperature to whioh the 
interior of a blast-furnace is raisedf but as the melting-point of 
I ordinary pig-iron is somewhere about 2500^ Fahrenheit, it must 
I at least approach very nearly.to that figure. The heat of the 
gases whioh pass off by the chimney lias been roughly esti- 
mated at about ITOO** Fahr. immediately above the top of the 
charge ; and it is evident that the greatest heat must be in the 
lower part of the furnace, because the upper portion is being 
constantly cooled by the addition of fresh material. Not- 
withstanding the intense heat, a well-constructed blast-furnace 
will remain in good workable condition for several years. 
Some parts, however, are apt to get out of order; and the 
twyers, in particular, should be well attended to, as a de- 
rangement of them may readily load to serious consequences. 
Coses of explosion have been known, when all the molten 
metal has been blown out of the hea:^ because the nozzles 
of the twyers had become leaky, and the water supplied to 
keep them cool found its way into the furnace itself. Accidents 
almilar in character have also arisen from the workman omitting 
to tap the furnace at the proper time, and so allowing the 
metal to accumulate above the level of the twyers. 

Four qualities of pig-iron have been spoken of ; th^ are dis- 
tinguish^ commercially by consecutive numbers, but are often 
spoken of as dark grey^ bright grey^ mottled, and ivhiie. They 
are also separated by some into two classes, foundry and forg$ 
pigs ; the founders again subdividing the former according to 
a classification of their own. Nos. 1, 2, and 3 are foundry 
pigs, the white being quite unsuitable for this purpose. As 
a rule the lower numbers are the most valuable, white iron 
being indicative rather of some derangement in the working of 
the furnace. No. 1 generally comes off first when a furnace in 
good working order is tapped, and then No. 2, and sometimes 
oven No. 3. It contains more carbon than the lower numbers, 
whioh is advantageous in some of the subsequent processes for 
converting it into malleable iron. No. 2, the bright grey, is the 
best for making costings. No. 8 is a mixture of grey and 
white iron ; the last, No. 4, is extremely hard, and at the same 
time very brittle. ITie presence of sulphur and phosphorus 
tends to produce the objectionable qualities of No. 4 ; at other 
times this iron is the result of some derangement in the working 
of the fdmaoe; there are, however, white irons of excellent 
quality which will take the earlier numbers, such as idiat due 
to the presence of manganese, whioh is highly prized. 

Pig-iron always containB more or less carbon in combination, 
which may amount to as much as 5 per cent., forming a carbide 
of iron. This will have to be referred to more parScularly in 
describing the puddling processes. There is generally, also, 
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mUca present, which is objectionable on two grounds : first, that 
of weakening the strength of the iron } second, of causing waste 
of material and additional labour in puddling. Iron made hj 
cold blast is oomparativelj free from this ingredient, the heat of 
the furnace being less intense than when the hot blast is used. 
Manganese has already been mentioned as being beneficial in 
its character ; this is particularly the case when there is an 
exoessiTe quantity of phosphorus, as it causes the almost entire 
removal of the latter during puddling. A highly manganiferous 
pig without phosphorus is paddled with difficmlty ; but when 
the latter is also present, the operation proceeds satisfswtorily 
without more than the usual waste. Phosphorus alone, even 
when there is only 0*6 per qent. in bar-iron, renders it cold short 
or brittle. Sulphur is still more objectionable, a mere trace 
rendering the iron hot short or incapable of being worked at a 
red heat under the hammer. As all coal oon^ns some little 
of tliis ingrediimt, and it is only partially volatilised in ool^g, 
some small proportion of it is sure to find its w;ay into the iron, 
even though every precaution be taken to prevent it. If the 
ooal used contains much pyrites, chloride of sodium is some- 
times mixed with it in the coking ovens, in order to convert 
the sulphide of iron into a sodium salt which can be more easily 
got rid of ; or else an additional 
quantity of lime is used in the blast- 
furnace for the purpose of taking up 
some of the sulphur. 

Foundry pigs have already been 
mentioned. Before passing to the 
elaborate prooussos required to make 
iron malleable, it will be well to de- 
scribe the use to whioh pig-iron, as 
such, is put. The articles made are 
oommonly called castings,** and they 
are the work of the founder. The 
plan adopted in their manufacture is 
simply to re-melt just so much of the 
pig-iron as may be wanted at the time, 
and pour the liquid metal into the 
moulds prepared for it of the form 
required. The process, apparently 
very simple, requires, however, a oon- 
siderablo amount of nicety, and work- 
men of experienoe. 

A foundry consists of a large shed, 
with a deep bed of sand for its fioor ; 
two or throe cupola furnaces of different 
dimensions for melting the iron, pro- 
vided with twyers and a blowing engine ; 
travelling cranes for moving pots of the 
molten iron to other parts of the pre- 
mises ; and a large oollootion of models 
and materials for making the moulds. We will take the last 
of these first, so as to follow the order of the process. The 
moulds are mode of sand, a material being required to whioh 
the iron as it cools %vill not adhere. Moulding sand has, how- 
ever, to be specially prepared in order to make it bind properly. 
It should be fine and even in quality, and should consist princi- 
pally of silica with the addition of a little alumina. Loam 
consists principally of alumina, with a little silioa. It will, 
therefore, bo readily seen that by a mixture of pure sand with 
loam the relative proportions of those two ingredients can bo 
adjusted. It can be still further improved, however, by mixing 
with it some ooko-dust ground fine. This constitutes moulding 
■and, and is the article of whioh the fioor of the foundry is made. 
The relative proportions of these ingredients is varied somewhat, 
according to the nature of the articles to be made ; for some 
purposes the moulds are made altogether of loam,, and have 
to be carefully dried in on oven before thev are used. 

The matdng of the moulds, especi^y when the casting is to 
be either a complicated or an elegant one, requires much care 
and nicety, and often artistio slnll. They are made in frames 
without top or bottom, called ** flasks ; ** these consist of sheets 
of iron firmly bolted t^ether, the lower frame having ears on 
its upper edge exactly corresponding with others on the lower 
edge of the upper frame, so that the two frames can be united 
with precisian. The frames are placed on the floor, and some 
of the old sand of the fioor is shovelled into one of them and 
ranuned down firm, a little fresh sand being employed to finish 


off with. The model already made in wood or metal is pressed 
into this, and then the other frame is placed upon it and filled 
in with sand after the same manner. On being lifted off again, 
and the model taken out, we have then the impression of the 
two sides of the model, one in each frame, and exactly oorrer 
■ponding ; wherever necessary the mould bos to be trimmed up, 
and it is then dusted over with a littie finely powdered char- 
coal. The monlder has then to make a channel through the 
sand for the admission of the molten iron, and sJso some exits 
for the air and gases, so that in no part of it shall the air be 
shut in, or the iron will not be able to penetrate, and the casting 
would be imperfect. These perforations are made with wires ; 
in large castings and oomplioated patterns they have to be 
numerous, besides two or more openings for the admission of 
the iron, so that it may be poured in at eaoh simultaneously. 

The frames being now prepared the upper one is replaced, and 
the two are firmly fixed together. The iron is then poured in, and 
when sufficiently onol, the upper frame is removed and the casting 
lifted out. Adhering to the easting will be the iron whioh has 
filled the supply-channels, called ** gates,** whioh is broken off 
with a hammer ; and when quite cold tiie edges, false seams, 
and other roughnesses are trimmed up with chisels or files. 

The metal having slightly oontraoted, 
the casting is genen^y removed 
without much injury to the mould, 
the latter being made somewhat 
larger than the ironwork is in- 
tended to be, so that when it has 
cooled down it shall be of the exact 
dimensions required ; for this pur- 
pose the scale of the founder has to 
be increased by an eighth of an inch 
in a foot. There are many artioles 
of very large consumption made of 
oast iron, such as water-pipes, wheels 
for maohinery, some sorts of nails, 
railway chairs, etc., in making the 
moulds for whioh various mechanioal 
applianoes have been contrived for 
reducing, and almost superseding, the 
manual labour ; these appliances not 
only ensure great uniformity in size 
and form, but effect at the same time 
a considerable saving of expense. 

The iron is usu^y melted in a 
small cupola fumaoe of the form 
shown in Fig. 6. It is made of iron 
plates, lined with sand mixed with a 
little clay. While the melting is 
going forward, the spout ▲ is stopped 
up with some moist olay ; the oh^ge 
is thrown in at the top, b ; and the twyers for supplying 
the blast, which is generally driven by a fan, are inse^d in 
whichever of the openings c, o, 0 may be desired, the others 
being closed up with iron plates. As ^6 quantity of iron to be 
melted varies with the size of the easting to be made, the 
twyers are movable, as the nozzles must be placed just above 
the level of the molten iron. The fumaoe is lighted with some 
pieces of wood, and then filled up to the throat with coke, the 
spout being left open daring the wanning. The latter is then 
closed, the blast is turned on, and some pig-irou broken in 
small pieces, together with bits of waste met^ from previous 
eastings, is thrown iu on the top of the burning ooke ; as the 
charge sinks down more coke and iron are added until the re- 
qmr^ weight of metal is reached. When the furnace is tapped 
the metal is reoeired into an iron pot with a lip, whioh is 
carried either by hand or by a travelling crane to the mould 
into whioh the iron is poured. The fioor of the foundry 
generally contains some large pits, in whioh the moulds for 
large eastings are sunk, so as to avoid the inconvenience of 
having to pour in the metal at a considerable elevation. 

During the mating there is some little loss of iron, as the 
metal will combine 'with any earthy matter that the fuel may 
contain, forming a slag which floats on the surface ; pig-iron 
whioh contains silica will, however, be improved in qn^ty by 
the process, of course at the expanse of quantity, the silioa 
being then converted into a silicate of iron, whioh will also 
separate itself from the metal. 
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ITEUt W9 hKf0 Inq^cdred Into tlio gonenl ptlno^los <m trlbidli 
IStub li baao^ and alao explained the oona^otion 

and aotbn of the move oomiiKm fotma itatioiiavy enginee, and 
of thoae emplbji^ In propelling etsam-ihipa. In the preeent 
paper ire propoee to explain the oonetniotion of thoae whioh are 
oommonly employed for agvioiiltiivel or o&er apeoial pnrpoaeB ; 
and in onr next and coftolnding paper we ahall treat of &e looo^ 
mothe and its oonetmetion. 

The ateam-engine haa of lata been very largely employed in 
maoyagrioidtaxal <^peration8,aB, for inatanoe, in driving threddng 
ohalf-oottera, and yeviona other madhinea that are in 
almost oonatant nae on the fam. Be- 
atdea thia, tiie ayatem of ploughing and 
onltiTating the land by means of steam 
power has been rapidly spreading, es- 
peoially on large estates. The resnlt 
of ell this haa bean tiiat many makers 
have directed their apeohd attotion to 
the manufaotare of enginea for these 
purposes. The main requirements in 
an engine of this kind are aimplioity of 
oonstraotion,«so that it may be worked 
with safety by the more intelligent 
olaas of farm labourera, and may not 
eaaUy get out of repair ; it ahoold also 
be oompaot in form, and either portable, 
or BO made as easily to be fixed, and, if 
required, to be moved again. 

These engines may li^ divided into 
two mein olaaees: thoae which are 
mounted upon wheels so as to be easily 
drawn about from plaoe to place, and 
those which are fixed; these latter 
being frequently known as ** indepen- 
dent^' engines. Different makers vary 
considerably in details, but in their 
main features most of these engines 
closely resemble one another. They 
generally consist of a boiler with in* 
temal fire-box and hotieontal tubes 
similar to thoso employed in locomo- 
tives. The ohimney is made rather 
long, BO as to create a good draught ; 
but, as this would render it rather in- 
oonvenieut in moving, it is jointed, so 
that when travelling it lies above the 
boiler-on a special support provided for 
it. The cylinder is usually horiaontal, 
and is fimdy bolted to the upper part 
of the boiler, whidh is thus made to serve as a support to 
which all the various paarts of the engine are secured. Some 
makers, instead of this, plaoe a large saddle frame across the 
boiler, to whidh they fix the various fittings, and this plan 
seems to be g»ming ftbvour. 

The oonneoting-^ is fixed to the piston-rod very mndh in the 
same way as in the horiaontal en^e already described, and 
thns turns the orank of a shaft which is placed across the top 
of the boiler a little way behind the ohimney. This shaft is 
often BO made that the fly-wheel may be fixed on either end, 
and the matddnexy is driven by a 8tnq> pasaing round thia, 
or else ronnd a special driving pulley suitably placed on the 
shaft. 

Ihie engine is usually fed from a targe tub or other vessel 
placed by its iidS) into which a flexible suction hoee is niade to 
dip. The feed-pump is fixed to the tide of the boiler, and is 
worked by means of sn aooentrio on the driving shaft. The 
boiler ita^ is well covered with f^t and weed legging, for the 
double j^Qspose of econoadsiiig the heat as mmdias possible, and 
also pt aTci^flag risk of biixiis by oottdng into oontaot with it. 

As wilt be seen, sB thsvariofm parts Of the en^ne are very 
. ~ to the or and thus there is Uttls 

ftar of put johiti wcifl^ig tooss by the jarring and sbaiefaig 



inourred in moving it from {hme to place. The wheOls are 
uiu^ made with iron spokes, and a broad flange, to guard 
against their sinking too deep into the soft ground, over which 
they often have to travel. 'When the engine is drawn into 
the shafts ate removed, and wedge-ahapA blodcs placed under 
the wheels to keep the engine from shifting its position thronsh . 
the osoOlation. 

Independent engines are made very rimility to this, with the 
exception of the wheels. The loose ash-tray nnder the fire-box 
is, of oomse, inadmissible, as the engine has to rest on this as 
a support; the fire-box, therefore, is made a little deeper, so 
that there may be room for the ashes under the fumaos-bars. 
A firm pillar or iron pedestal is plaoed under the funnel end, and 
thus the engine may be plaoed upon two stone slabs or 
bearings without any masonry being required to fix it in positiosu 
Sometimes the support at the fore-end is so arranged as to senrs 
as a hot-water tank, from whioh the boiler is fed, but this ia aU 
often the case. 

Some makers plaoe the cylinder and ' 
the pipes leading to and from it inside 
the b^er or steam-chamber over the 
fire-box. In thia way they are entirely 
protected, and during frosty uv snowy 
weather there is a great bena^ in 
this plan, as priming and condensation 
of the steam m thereby avoided, while 
at the same time there is a consider- 
able saying in fuel. The maohinmy 
is likewise better protected from aooi- 
dental injury and from mat. 

In the enginea made by Messrs. 
Toxford, one of which is represented 
in Fig. 44, the funnel is placed at the 
same end of tlm engine as the furnace, 
and all the mechanism is contained in 
an iron case at the other end of the 
boiler, so as to be entirely under cover. 
In these engines the cylinders are ver- 
tical instead of horizontal, as in most 
other agricultural engines, and doors 
are provided in the end of the case, so 
that the machinery may easily be got 
at to oil or clean it when necessary. 
Thia form of engine has met with much 
approval ; and as they usually have to 
work in the open air, the protection 
thus afforded to the maohinery causes 
it to last much longer than it other- 
wise would. Tho gauge-oooks, safety- 
valve, and other fittings are the same 
hero as in tho engines already described. 
The chimney ia provided with a spark- 
trap to prevent the escape of red-hot 
cinders or sparks; and as these engines 
are often nsed to drive threshing : 
chines in stack-yards or similar places, this protection is very 
necessary. 

An engine of this description is sometimes nsed for steam 
ploughing and cultivation. When this is the case, it is made to 
impart motion to a large drum, so oonstmoted as to tom at 
pleasure in either direction. A wire rope is then made to pass 
along each side of the field, suitable rollers and pulleys being 
provided to diminish its friction as far as pcsi^le. These 
pulleys are fixed to anchors, whioh are moved frim time to time as 
the piongh travelB from side to side of the field. Several plough- 
shares are usually fixed aide by side on one frame, so that some 
six or seven furrows are ploughed at the same time ; and a second 
set of sharee is also fixed in the frame, whioh aot when it travele 
ba<fit again to the side of the field from which it started. In 
this way the work is very rapidly accomplished. A rope is fixed 
to each end* of this oompomid plongh, and by this it is thtm 
•Itsraaiely drawn from side to side of tiio field, the anohori and 
jmlleys being suooesiively moved nearer and nearer the side on 
whi(^ the engine is plao^. Another plan ia to fix the drum to 
the en^^ie, a^ plaoe this at one ride ot the field, and a pulley 
with its anchor at the other aide ; both engine and pnBey are 
then nadoaUy moved along from one end of &e field to theoiher, 
the picngh moving baddnurda and lorwarda between them till 
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Urn it OQiapleted. A oon^dertiblii A^wbtck to tbit modt 
of cttltiTKiioti it expentt of the rop^ wbiob it foond to wea^r 
out tmey mpidly. Trtoiioo-^gmat ktTt aoocwdingly btan tded, 
wl^ twd aorost or roimd tht dttkidng tbt variont ixoplo* 

anttniai after tbem. These htTt not, however, answered to weU at 
to oomt into very general nte ;; the great^djJB^nlty at drat arose 
from the engine-wheels sinking deeply into the plonghedland, but 
this has been overoome m a re^ remarkable manner. It it found 
that if the tire of the driTing*wheel be covered with a thick layer 
of india-rubber, it aooommodates itself to the surface over which it 
passes, and in this way acquires such a large bearing surface that 
the wheel soaroel j sinks at aQ. At first we should imagine that 
tires of this sort would very rapidly wear out and beoome out ;bo 
pieces by the atones on the roa^ over which they pass ; practice 
has, however, shown that this is not the case at all, and that 
they last a oontiderable time. In fact, the introduction of these 
india-nfi>ber tires has been the greatest step yot taken towards 
the general employment of traotion-onginos for many purposes 
te which teams of horses are now used. Boad steaima,'' as 
thqyare called, filtted with these tires, have, within the loot few 
years, been submitted to almost every teat that could be^vised, 
and have been found to work in a highly satisfactory manner, and 
many more are*now being made bo^ for home and foreign use. 

Many traotion-ongines were formerly so oonstructed that 
they laid an endless railway for themselvos, along which the 
wheels travelled. A series of wide bearing-plates were con- 
nected at the ends, and fixed to the driving-wheels in such a 
way that they were successively laid down for the wheels to pass 
over, and taken up again immediately afterwards, the whole 
arrangement being self-acting. 

Most traction-engines are made with three wheels, the front 
one being mode to turn in a pivot i this wheel can ‘^en be turned 
by means of the steering gear, and thna the course of the engine 
can be altered at pleasure. The various details have all been so 
well carried out in many road steamers now made, that they 
can be turned in a very narrow space and guided with the utmost 
precision. They have lately been employed for military purposes, 
such as drawing heavy guns and placing thorn in position, and 
for this too they have been found to answer well. 

Occasionally engines are so constructed as to serve either as 
traction-engines or ordinary portable ones, and these are called 
combined engines. In this case there is in some oonveniont 
place a largo driving-pulley round which a strap can be passed 
to drive any required machinery, and also an arrangement by 
which the driving-wheels may be thrown in or out of gear at 
pleasure. This may bo accomplished by means of a pinion whnfii 
is mado to slide along a feathered axlo, and thus can be made 
to engage in teeth fixed to the inner edge of the driving-wheels* 
The motion is, however, often impart^ to the driving-whe^e 
by means of an endless driving chain, which possesses this ad- 
vsntoge, that the wheels may be fitted with sprhigs, and thus will 
acoommodate themselves to the irrognlarities of the road, and 
render the motion much more uniform. In this country there 
are many rostriotians as to the use of traction-engines along 
pnblio roads, especially in the neighbourhood of largo towns ; 
but now that they can bo made so much more manageable and 
compact, these restrictions will not improbably bo modified, and 
then we shall fiud their use greatly extended. In many engines 
of this class either driving-wheel may at pleasure bo tl^wn out 
of gear, atid by this means sharp oomera may be turned with 
mnoh greater ease. 

Steam-rollers have of late years been somewhat 'eztensivelj 
introduced iuto largo towns for the sake of levelling roads that 
have been newly macadamised, and they ought to be much more 
generally adopted, as great inoonvenienoe is oansed byoompelling 
this levelling work to be ofiboted by the ordinary traffia The 
steam-rollere employed are essentially heavy traotion-enginee 
with very broad driving- wheels, azud so oonstrnoted as to travel 
at a small speed. The boiler is nsnally a vertioal tubular one, and 
the surfabes of the wheels are covered with broad wearing-plates 
which oan be renewed at pleasure. Beversing gear is proved, 
the action of which will be fully explained when trearing of the 
locomotive, and thus the engine oan be driven either baokwa^s 
or forwards at ideasure. A wide steerint*Wheel is so plaped in 
front that it rolls the space inbladed be^reen the two drivinf- 
^eels. By driving this over the new|y-laid stones a few 
times the road Is vmered thoroughly firm and even in a very 
short time>ind laatamiMfik longer] nearly aU thatmsr of the 


stemes against one another is, IBmsris# avoided. The roller te 
usually weighted wlih bail^ eb as to brii^ its wri^t np to 
about twenty-five tons. / ^ . • 

Another vesy imporiaurt idaoe ^ tuigines _ ff ■ thoso 

espeoii^ demgned lor jmmpiaig porpoees. ^ magy laotories, 
breweries, etc., the water has tidied from a da^P well, 

or forced into an elgyated ristern; and lior these and many 
similar purposes, pumps driven by tteaahppwer are oonunonly 
employed. Besidee this, in mpvt lergu e eupply of wato 
ia now provided and delivered by moans Of to various 
houses usually at a pressure suiftrigut to rids# it to dstarna' 
plfuied in the upper steweys. For ihli|iu^ose very huge pump- 
ing engines have to be erected, as the; water has ofto to be 
conveyed from a considerable distance or raised from a deep 
boring. Two totally difierent kinds of pump have come into 
common use : in one, the water is raised by means of a plunger 
which moves up and down in a cylinder provided with suitable 
inlets and outlets; in the other variety, kxiown as oexitrife^ 
pumps, a wheel fitted with curved spekes Is xnada to revefive 
very rapidly inside a ohamber which it just fits, and by this 
means a constant stream of water is maintained. These latter 
may be driven by any ordinary engine, but the former are usually 
oonstructed so as to be a p^ of the engine itsClf . In many 
large towns a beam-engine is employed, and the pnmp-rod is fixed 
on the same end of the beam as the oonneoting-rod, usually at a 
point about half-way between the centre and ^e end. In other 
cases the oonneoting-rod and fly-wheel are dispensed with, the 
piston being jointed to one end of the beam and the pump-rod 
to the other. 

Another plan is to invert the oylinders, and thus let the piston* 
rod bo Qoxmeoted direo% to the plunger without the interven- 
tion of any beam or other mechanism ; this form of engine is 
decidedly the most simple, and hence has been employed in 
I several large water- works. The pumps are now very frequently 
made donble-acting, so that the water is raised while the water- 
piston is moving up as well as when moving down, and by this 
moans a larger amount of water is raised, and the aotion is ren- 
dered much more uniform. A large air-ohamber is, however, 
nearly always connected with the mSdn pipe just after it leaves 
the pump. As each stroke is made the air in the upper part of 
this is to a certain extent compressed, and thus prevents tho 
sudden jar or shook which would otherwise be given to the water. 
The reaction of the air between the strokes of the piston keeps 
the column of water in the pipes in constant motion, and thus a 
steady uniform fiowis produoed ; in this way the stnun is much 
diminished, arid the pnmp rendwed more effeotive. 

In pumping-engines t^t are fitted with a beam, if the strain 
is greater whue the plunger is moving in one direction than it is 
during the return stroke, a counterpoise is usually affixed to the 
upper end of the plunger, of such a weight as to balance this 
discrepancy, and thus cause the work of the engine to be uniform. 
The power required in some of these engines may be easily teen 
when we remember that the average supply of water that has 
to be provided for a town is from twen^ to thirty gallons per 
day for each individual inhabitant. 

For use in factories and other places where a large amount 
of water has to be employed, pumps of a mnoh simpler eon- 
stmetion are often employed. In many of these the cylinder 
and the barrel of tlm pnmp are firmly secured to a BoUd bed, so 
as to be in one straight line ; the piston ia then fastened to one 
end of the piston-rod and t^ pnmp to the other, both engine 
and pump being made double-acting. In this way gimt simpli- 
city is attained, there are but few moving and wearing parts, 
and the whole oocupies but little spaee. Snudl pumps o£ this 
description, known as donkey feed-pumps, ore vexy frequently 
used lor feeding boilers, for which purpose tkey answer very 
well. When the feed-pump is^ ^v^ from the large engine, 
this has often to be starM or kept running slowly, only for the 
purpose of maintaining a sufficient supply m water in boiler. 
This oausQS a great waste of power, s^ hence an independent 
feed-pump driven by a eylindmr its own is genersByuiwd 
lor t^ purpose. 

Hie staam-hamioer is another imiportaUt adaptation of tihe 

eugbe, and is aiow employ ed in u«a^ aB Ism meh4*^v«^ 
louncbies. Ito eeanfruotioo^hi^ however, ne^aota^y 
eapleix^ in the papers on. It P^ 410), 

sad a flgmee el has been gi^en thm, ap that ira seed npi 
Iturihir explain but rabr dpt teaij^^ to UdA da^^^ 





m ivrw rti^ pofamtaaify mapk^^ 
l CfpvM(^,btLt^ -i. 


bcilw'in ^leia i« ismally TertiOAl, ilid 
figim iniM idtort tad xftpid tftrc/k«B. In the oruM ffxeet owe 
M h^if« ^ diiler^ pacts well bateoed on the pivot 

pb^ tiie whole rotates, and ihe vaitioiii handles for 

aSid reversing the engine are so arranged as to be well 

na^^eentBi^^ 

Blowing ei 4 (hie» are freqoently oonstrnoied te 
fo ae to eeonre a oor#onal snp^ of freeh air to the various 
wprhings, and also in maz^ f onndriea to urge the oombustien in 
Idsat^fnrnaieee, and thus produoe suftoient heat to melt the 
iron. Bi some of these the ourrmit of air is prodnoed by large 
hlowing oylinders worked by the beam; in many other cases 
a large fto is set in revolution by the ettgine» and this produces 
theblssi 

The only other special engine we can at present refer to is 
the stesm fbce^engine. This has been introduced somewhat 
rScently, but is of the utmost importance, especially in our 
Isrge and crowded towns, where a ^ when it onoe breaks out 
spreads with suoh amazing rigidity. In an ordinary engine a 
considerable amount of time is occupied in heating the water in 
the boiler, and getting up sufficient pressure of steam to work 
the engine. This, however, wonld never answer with a fire- 
engine, as almost everything depends upon having it at work 
as soon as possible after the fire has broken out, and before it 
has had time to make much way. The engine must also be 
extremely portable. These objects have now been attained by 
several m^ers, and various public competitions and prizes 
have stimulated them all to do their best. 

The boilers, as we have already explained, are made to oon- 
tain a very small quantity of water, and this is distributed 
between various tubes in such a way that it is everywhere in 
very thin layers, and the arrangements ace such that the steam 
oan easily rise from the internal surfaces. The tubes in these 
boilers are short, and packed extremely close together ; this, of 
course, renders them very liable to become furred, but they 
seldom require to be worked long at a time, and they ore so 
arranged as to be easily exposed for tho sake of cleaning when 
necessary. The cylinder is slioct, being usually about Seven 
or eight incdies long, and six or seven inches in diameter. The 
piston moves very rapidlyi making about ISO or 160 strokes 
per minute, and the pump is fixed to the other end of the 
piston-rod. The pump is double-acting, and discharges the 
water into a large air-chamber, from which it passes to the 
delivery-pipe. Some makers give a longer stroke to the piston, 
but in the majority of oases the short stroke is preferred. Those 
engines have frequently been got to work within twenty minutes 
or less of the time that tho fire was lighted ; so that if the 
fire be lighted as soon as the alarm is given, steun is frequently 
got up on the road, and the engine is then ready to work by the 
time it reaches the scene of the fire. 


OBJECT DBAWING.— VI. 

SHADING. 

In order that the drawing of an object may resemble the 
original, it is necessary that not only the shape, bnt that the 
ever-varying appearances caused by the rays of light falling 
upon it, should be imitated in onr representation. 

It is not in this place intended to enter into the subject of 
the jprqjscfion of shadows, which will be fully treated of in 
another part of this work; but oe a simple broad shade 
assists in ** bringing out a sketch of a solid form, a few hints 
m i^ven to guide ^e stodefit in shading from models. 

It bannot, however, be too strongly urged that no attempt 
at shad^ sboald bo made until the ouidiM has been examined 
hi eveiy wqy to test its oorreothess ; for it must be borne in 
mind ommmf 0 / shading wiU metkis v/u^for had drawing, 

whereas a ^Id and clear outline may, in most cases, be made 
in^peiadei^ of imy shading 

0^ one lid^tanst be used when shading from a model, and 
this is to bg placed in the manner which will beet bring out 
theicaii gi the, otjeot^ %owi»g some portion of it into the 

owe cl fhe xeoteagidav sellde be idaoed nswr tho, 


opposite edge of the table, the candle mr lamp being situated 
on the side at which you are sitting, mad on your left hAnd, 
then tiie light will be prevented fallw on the right side and 
back of the model, whilst the front and left' side will be fnlly 
exposed to the rays : the back and rii^tdiand side will then ti 
inshoda 

^ But, in addi^on to the solidity of this object keeping the 
light from falling on the sides which are not opposite to it, it 
also hinders the light from faUing on the table, which, near the 
back and right ride of the model, will be darker stiU. This 
darker portion is called the shadow. 

The distinotion, then, between these two terms is, any 
part of an object which does not receive the rays of light is said 
to be shaded; but when this objeot prevents the light falUng on 
another surfisce, the part of that second objeot or surface which 
is thus obscured is Said to be in shadow. 

It may be taken as a general rule that, when the objeot and 
the surface on which it stands are of the same original colour, 
shadows are darlter than shades. 

Bays of light falling upon any surface ore reflected from it, 
aooording as tho surface is moi^ or less polished, and the 
reflection will be more or loss intense as the reflecting surface 
m of a lighter or darker colour. Any surface, therefore, which 
is directed towards light, not only becomes itself illumined, but 
oasts a certain amount of light on objeots opposite to it. Thus, 
supposing a cube is placed so that the light may fall ou one 
side, whilst the other is in shade ; if a sheet of drawing-paper 
is hold up at a little distance from the shaded side, so t^t the 
light may strike directly on it, tho rays will be reflected, and 
the shaded side will bo visibly lighter than it was before. 

On this point, Mr. Butler Williams says: “Although all 
surfaces that receive light do not reflect book an equal quantity, 
yet all do so to some extent, and to a greater or less degree 
aooording as they are placed leas or more obliquely with respect 
to the luminous body and to other surrounding objects. Were 
it not for refieoted light, those objeots or surfaces which arc not 
directly illumined would be so totally immersed in shade as not 
to be seen — their exterior figure or outline only would be visible. 
If an object bounded by fiat surfaces be relieved by a wall or 
other surface, and the light be supposed to proceed from the 
left, we may notioo throe prominent varieties of tint. The 
lightest will be on those surfaces most nearly opposed to, 01 
facing the light ; tho second will bo on the ride of the objeot 
from which tho direct rays of tho light ore interrupted by the 
substance of the objeot itself ; the third will be the riiadow 
cast by that object on a part of tho surface facing the light, 
but of which part is deprived of the direct rays of light by tho 
interposition of tho object in relief. 

“ Now tho shade on the side of the projecting objeot appears 
lighter than the shadow adjoining, because, from ^e adjacent 
smrfaoe of the wall, a certain portion of light is refieoted ; and 
the shadow is the dajrkest because there is no Burfri>6 soar from 
which any strong light oan bo reflected to the place it covers. 
Shadows appear darker when oast on a surface in bright light 
than when cast on a surface in a fainter light or in shade ; and 
the contrast, in the first oase, between the shade and the 
adjoining slmdow is greater than in the latter case. 

“ Also, in the oase of a shadow falling on a flat surface, that 
part of shadow which is nearest to the object which causes 
it is darker than the parts more distant ; the shadow becomes 
gradually less intense tho farther it recedes feom the objeot 
whereby it is produced.’* 

As the application of the principles thus laid down will bo 
shown m subsequent objeots and groups, some attention will 
now be given to the manner in which shading is to bo accom- 
plished. 

If the drawing be small, it will be suffident to employ the 
pencil to shade it. Bor this purpose the B will be found the 
best for general shading, BB for the lighter shades, and BB 
for the dwkeat shadows. 

The riiading should not be done by rubbing the pencil up 
and down, but by clear Ifnes, which must afterwards be 
softened by a pencil of a slightly lighter degree ; but the liuM 
should still remain visible, tbough not too distinctly s And, in 
order to obtain the ert^mess and brilliancy so neoesaary to the 
beauty of a drawing, tbe lines riionld time to time be 
brought out, so that they may not be lost in the flllinf in. 

Skmg lines ture called “ hatdiings,” and thoQt^ no absolutely 
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lutlTeniil ftikr t>e gircoi mi to their direoidcnit it will be foeci^ 
beet In ittoit bailee the Unu lAoulit follow the direct^ 
of j>l#ne 071 which the eluidow fdUe, ^nitu^ let us, euppoee 
it were required to shade a cube suapmded agaiaet the waI4 ou 
a higher lerel our eye, whioh is eitoited on the xieht aide» 
whilst the light oomes fnm a point abore and on the left side 
ol the object. It is clear that, under these oiroumstaaoes, we 
should see the right side and bottom of the cube, both of which 
would be shaded, and that there would be a ** cast shadow’* on 
the wall. 

The side of the cube should be shaded with vertioal and the 
bottom with horizontal Hnes, whilst the shadow on the wall 
ihonld again be done in Tertic^ lines. 

Curved snrfMea sbould be shaded by lines whioh partake of 
the general curvatore, and these may be crossed by others, but 
oace most be taken that these hatchings do not cross each 
other at right angles, like the threads in a woven fabric ; they 
should OFoss obliquely, so that the spaces between them may 
beloienge*ordisiuond«8hapsd. None of the hatohings should 
be visible when the drawing is viewed from a short distance, 
bnt should fprm a uniform clear tint over the shaded surface. 

The largest and darkest shadow shotdd be laid on first, for if 
the opposite plan were adopted the learner would have difficulty 
in so ipraduating his tints that the darkest portions of the work 
should not become too dark and heavy. Still, it is to be under- 
stood that the shadows and riiades are not any of them at first 
to be made as dark as they are intended subsequently to be, 
for the constant retouching whioh the work neoessarily receives 
would thus make the .whole too dark; whereas, by getting the 
shadows generally spread over the whole work, and then work- 
ing on each in turn, tho relation of one to the other is observed, ^ 
and no one part looks faded whilst others may look fresh. It 
is, of course, necessary to avoid smearing the work, but this is 1 
easy with a certain amount of care. | 

ontUne, too, will require touching np as the drawing | 
proceeds, but it must be particularly obseiwed that in reality i 
there is not a line round dhjede, and that therefore the boun- 
dary line whioh is necessary in a drawing must not be hard and 
darker than other ports, which causes the drawing to appear 
as if it were intended to represent an object bound with a band 
of iron ; still, the form must be clear and defined, and care must 
be taken that in the process of shading the outline may not 
become ragged. 

Drawings of objects when of a large size should be executed in 
chalks, l^ose most generally used are ** French ContS crayons,” 
Nos. 1, 2, and 8, and white ohalk — also sold in sticks. These 
are held in ohalk-holdera, called porte-orayons. In lieu of those, 
the orsyon may be roU^ spin^y in a strip of drawing-paper, 
whioh has the great advantage of lightness ; and, for economy’s 
sidm, the small pieces of ohaJk may be fixed in a qtdU. 

To point these oholkB a certain amount of practice is re- 
quired. Jiving placed the larger end in the holder, scrape tho 
other until it l^>proaohea a pointed form ; thou, taming it in 
the reverse way to that in whioh a ponoU is held, holding it 
between the thumb and middle finger of the loft hand, and 
supporting the end on the forefinger, cut ike point towards 
the body, gradually taming the chalk round between the 
fingers : by this means, with a sharp, brood knife, and a little 
care, a fine point may soon be obtained. For model drawing, 
vei^ fine points are not genei^y required ; therefore, when the 
point has onoe been n^e, it may bo kept sharp enough for 
some time by a small file or piece of sandpaper, a s'^p of 
whioh may be glued on a piece A wood, like a su^ razor-strop. 
The three numbers on the chalks represent different degrees — 
No. 1 bebg the hardest. 

The outUne is, in the first instance, to be drawn with sketoh- 
ing^dharcoal* Ikis shonld be properly pointed, and the sketch 
should be lightly made. If this ^ done, any parts whioh may 
be deemed Incorrect can be doited off with a cloth, (dean 
handkerchief, or a piece of chamois leather. This must not, 
however, be done, too often, ee the snxfaoe of the paper would 
thus become roug^ued, and the gndn or ** tooth” destroyed, 
and this would seriously intetfere with the manipulation of the 
chalk. In addSt^ to this, the habit of constantly rubbing out 
encourages want of care in the sketching; and therefore do 
not leh^ under ^ dehisiou that your first outbM need 
naoestari^ be ’’only a rough but eigi at correctness 

trointhe beginuiag., 


'When the OQtUse in chaxooel it saris^iweory, it ie tc he dhsted 
out, so as to leave inerely a idight tr»cc-<*-just mfou|^ to guide 
the eye and hand. The Htiee are then to be zapeated with 
crayon No. 1. 

As a rule, erasure of the bhaUcdliies ought not to be requhed, 
since aQ the oorreotions riaculd have been mad^ ohaiccel 

■ketch. If, however, alteration be indii^eisithle, the liaieemey 
be rubbed out with stale bread, either in ite usual cond itiop, or 
pbehed between the fingers until it is kneaded Into a paete. It 
must, however, be understood that the jose of bread alwayt 
more or less unfits the pi^iier to receive the chalk, and thus 
oausee the shading to become spotty; and, fur^« the fiwqimkit 
use of bread makes the paper become greaey* Vuioenieed 
india-rubber will, in some degree, remove this, but, again, the 
surface of the paper will suffer, so that the did adage, ” Fmen« 
tion is better thw cure,** must be borne in mind, eepeeielly so 
since the cure is not an efficient one ; and tbua again ihc abeo* 
lute necessity for core is impreseed on the student. 

The paper used when the model^drawing is to be eneonted la 
pencil should be a good, firm, white cutridge, or any other 
whioh is not hot-pressed. If the paper be t^ smo^, the 
pencil glides over it, and a level tint will not be obtained with* 
out much difficulty, whilst if it is too rough the drawing will 
be coarse and unsa^faotory. 

Tinted crayon paper is used for ohalk-drawing ; it may be 
had at various prices ; but a cheap kind is now e^ for nee in 
drawing-classes and schools of ari;, whioh will be found qu^ 
good enough for general purposes. The paper generally used 
is of a pale grey or dull slate-colour, or drab. The oriour aught 
not to be too positive, but should serve as a middle tint between 
the white chaUc and fhe palest tints in the riiading. 

If the drawing be executed on white paper, it will require a 
background, and thus much time is absorbed, to a oertain 
extent, unprofltably; in fact, by far more work is required 
on white paper, for all the middle tints have to be worked in 
with the chalk, whioh is not the case with tinted paper, as 
already explain^. 

The general ground for the shading may be laid on either 
with a piece of soft wash-leather, or a leather or paper ” stump.** 

The ** stump ** is an implement made of chamois leather or 
soft paper, olosely rolled until it is about the thickness of your 
little finger ; it is then pointed at each end. 

The crayon to be used for stumping is No. 2, or, for very 
dark shadows, No. 8. It is to be very ^ely scraped, or it may 
be rubbed on sandpaper, or filed, so as to obtain an impalpable 
powder. A little of tbto powder is then placed on a piece of 
waste paper, and the point of the stump is dipped into and 
turned round in it, so that it may be charged with the chalk. 

Before, however, you touch the drawing with the stump, it 
must be rubbed on another piece of paper, so that the chalk 
may be evenly distributed over it, and that there may not be 
too much upon it. The quanti^ required must, of course, 
depend on the depth of shade to be executed. 

The stump is then to be passed ligMVy over the surface to be 
shaded. If the space be narrow, the point must be used ; if 
wide, the stump ihoald be held almost horizontally, so that the 
side of the implement maybe used; and for spreading the chalk 
over larger suriaoes, the piece of warii-leathw may be used for 
the same purpose as the stump. 

The touch must be light a^ free, so as to spread an even 
tint over the paper. If you rub ha^, the shade will become 
dark and stvei^, and, further, you will injure the surface of 
the paper. 

One end of the stump is to be kept free from ohelk, to be 
employed for smoothing and softening the work Of the other. 
Should one part turn out spotty, the parts which are too light 
must be touched wiih the dark oad of the stump» until a 1ml 
appearance, is obtained. 

The lights are produced by means of white rimlk, rubbed on 
wi& tile papervitump ; but for the highest lights the white 
chalk is UB^ directly to the drawing. You will find the white 
ohalk by far mote dUScuH to outtiiiia the black, na4 the prints 
break off very often. Both tiiese difficultiee may, however, be 
lessened by cutting the print fiat Itiee a ohiael, eatd then draw* 
ing the linee with the sharp e#ge. 

The riiades and shaded bring tiuu laid btoadhf in^ the 
hatridiig is to be proceeded with aooordliif to tits dhemMm 
given hi the previo tt S r et arik ik 
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ASr^ I1C30N0MY.— IV. 

Wf i^frieoltaM, BoyiiK ft^liool OC XSaM. 

aorrAtsoN OT cmoTS* ^ 

A sot AfXOir or drdtrly luepeMum of croiw Iim 1>m adopted 
b;jr ell food fiuoneri* and ii to lome extent esforoed in agree- 
amte oetwe^ laadlotda and t^iaaitt t ike origin, neee, and 
modfiloatiOne, therefore, of sndh ** oonreee of cropping ** ooniti- 
tnte a fundamental agrloaltnral stndy . When a nation beoomee 
dned in ite hehite, and Urn bonnda of hidiridiiid property grow 
dednite, the ooHinitor of the ground oan no longer leave hia 
exhanated field In eeaxnh of nntilled virgin eoil* Snoh nnooca* 
pied eoil no longer exicta, population havW in<ffea8ed and 
oocmpied it all. In anoh an eoonomio condition, a rotation of 
dope coon dedaree itself to be abaolntelj easentiaL It ia a 
miditer of observation, at any time capable of proof, that a 
nei^ brok«n-np field will grow heavy orope of com for a longer 
or a ehorter period ; that while the earlier oropa are oharaoter- 
iaed by «a almost undue humrianoe, anooeaaive harveata tame 
and xednoe the land, and finally, if continned, impoverish it to 
anoh an extent aa to render onllivation unprofitable. So soon 
ae thle tabes place, cultivation will in all probability cease, and 
the land thus left will dothe itself with natural herba^, and 

lay itself down ** to paatnre. So it may oontinne, nnl^ acme 
change in the relative value of grass and oom-growing land, 
increase of population, or other cause, induces its owner to 
ones more br^ it up. The once e^^usted field will then 
appear to have renewed its strength, and again will be crowned 
abimdant harvests. Such is the most primitive and the 
most simple oonoeption of a rotation of crops. It has been 
acted npon in this country in years gone by, and still obtains in 
oonniriM where agrionltuxe is backward. 

Such a system, slike slovenly and injurious, has happily long 
oeased to exist here. The fallow, or period of rest, has been 
converted into an <^portanity for clearing away weeds, and 
bringing the soil into a fine state of tilth. The Israelites were 
ordered to fallow their land every seven years ; the Bomaiu 
understood the workmg of fallows well, and introduced their 
system into England. No longer allowed to lie peacefully 
under grass, the land was subjected to a rigorous course of 
cultivation and aeration, and it was thoroughly cleared and 
prepared for the reception of a oom-orop. The interval between 
theee fallowing periods was usually ^ee years — the basis of 
the three years* ** shift,” at one time the common rotation over 
almost the whole of England. Later in the history of agrioul- 
ture, we find the interval increased according to the quality of 
the soil ; some lands being able to produce three, and others 
four or even more orope before the fallow need again be re- 
sorted to. The benefit of a naked or bare fallow is by no 
means easily explained. By analogy, it was formerly elucidated 
by supposing ^t the land was by this means rested, 
idea of land requiring ** rest ** is, however, only a poetical 
fiction. To be tbed involves, of necessity, a nervous system, 
or, at least, some kind of vitality, whereas the soil is essentially 
usoegsaised and passive. While we recognise the necessity of 
a fallowing- period we must, then, abandon the notion of land 
requiriiig reet. It is a mere question of food-supply. Let the 
readier bear in mind the origin of all soils — namely, disintegra- 

thm of ro<fiEs — end let him also bear in mind that such disintegza- 
timi is not yet oomplste in any soil ; that the very presence of 
undigested and unAaagedj rooky fra^enta of the original rook 
is always to be found in soils, and he will have a key to the 
mystery of the btoeftte of fallowing. 

The neoessaiy oonstitoente of plants contained by eB soils 
exist, then, in two forma — one avaUable, and the oth^ not yet 
amdlable. la the one forzu, atmoq^herio and other agencies have 
effoeted thrir reduotioE, aoiutlon, or freedom, and have rendered 
themqspable of absorption by plaiite. In the other form, they 
exist se frsgpaents of frispsr, of quarts, of phosphatio nodules, 
hidiigestfible and iaaolnble, and yet oontaining what at some 
fut ur e time wfU be food for plmrta. Let successive winters 
exert their iaftimikoe this last as yet unavailable inorganic 
matter, aad H, too, w be weathered into something useful to 
gfsfwiagiregutsttMMtay, the very action Of gsowing vegetablse 
andsts in lMuldng It down, and tifasM mlnistM to the fertility of 

the eo^ lltyr, by working a bmeihlloww 

and rollers, new suilMmi are exposed to the sir, and dislategra- 

tionis aoeelirutidi henae tim adnintsgeof eammer Isllcwing, 


even witiumt the aid of manure. To may be added a 
certain small supply of nitrogen, obtained from the air during 
the period cf fallow, through the agency of raiq, and whihh wlU 
have a beneficial influence on the sucoeeding or^. Sq<di nmst 
serve as a r&tj brief explanation of the benefits of f^lowing 
land ; saA when dreaeings of farm-yard manure and lime are 
added, we cease to wonder why a fallow should restore wasted 
fertility. 

Botations of crops such as are now in use have only been 
possible since the introduotion of forage and root-oropS| and at 
the present day they consist in judicious alternations of these 
erops. It is not our purpose to enter into the ohemistiy of 
rotations ; such a course would involve a much more extended 
treatment of the subject than is at present possible. We must, 
then, take at least three propositions for granted: first, that 
the repeated growth and removal of crops from the land does 
exhaust it $ secondly, that each spedes of plant, having special 
requirements, wiU, if oontinuouriy grown upon the same land, 
take from the soil oertain constituents, living others not 
necessary for its welfare ; and thirdly, that soil which may be in 
a oertain state of exhaustion with reference to one plant, may 
yet be in a condition to feed another, and this for two reasons - 
First, because such other plant may require a different degfbe or 
kind of nourishment from the soil, or may be capable of using 
more of tiie nitrogen contained in the air ; secondly, because it 
may have a larger root-surface, and thus be enabled to feed 
where its less favoured predecessor failed ; or it may occupy the 
ground for a longer period, and thus be able to abstract suffi- 
cient nutriment for its development. As an illustration of this 
last, take the case of wheat and barley — ^the first requiring 
ord^arily six months’, while the second only needs four months’ 
possession of the soil. From these considerations it is dear 
that a greater produce may be derived from land by an inter* 
change of crops than by growing one spedes continuously. But 
this is not aU. Farming economy usually requires the main- 
tenance of live stook-~the production of animal food as weU os 
of grain. This nooessarily gives rise to the growth of forage- 
crops and root-crops, for the purpose of providing both summer 
and winter keep. Such crops are consumed upon the land, or 
at the form-buildings, and, with sisraw and the remains of 
imported foods consumed by animals, form the ” manure-heap.” 
Such crops, then, aro returned to the soil ; while wheat, barley, 
and other corn-crops aro sold off the farm. They also, being 
for the most part brood-leaved, take nitrogen and carbon ibfom 
the atmosphere, which eventually, as manure, find their way 
into the soil. Thus there is a difference between green-crops 
and forage or root-crops j the one acting os exhimsterB, and 
the latter as renewers of fertility to the soil. Judidous inter- 
change of these two olasses of plants gives us the many forms 
of rotations of crops now in use. Let it not, however, be 
ixnag^ed that forage and root-crops essentially differ from 
other crops in their nature, but only in thdr uses. Bemoved 
from the land, they would in xnany oases be as exhausting in 
their effects, and even more so thui grain-crops ; but consumed 
upon the land, they are the means of keeping up and adding to 
its fertility. 

It will be well also to note some additional reasons why 
our root-crops are well calculated to take the place of tiie 
old-fashioned bare fallow. The objects of the bare fallow are 
twofold : it is a means both of cleaning and of renewing the 
fertility of the soiL Boot-crops, since they are sown oompara- 
tively late in the spring, and even into summer, allow of the 
land being cleared previous to their being sown ; and the 
adoption of wide drilling enables cultivation to be pursued, both 
by horse and hand hoes, throughout summer, and even into 
autumn. A gnitiy such crops cannot bO' suooesiriully cultivated 
without liberal applicationa of manure; and they are finally 
either oonsumed on the land or converted into land-manure. 
Hence the root-crops oan be enltlvated in harmony with the 
objects of bare fallowing, and with the following adv antagea 
orer the older system ? — Here ea ylt al oan be profitably ooeupliM 
in farming ; light lands are bsMer able to support the yoeed- 
ing oom-orop; more labour Is emjfioyed; winter feeffimK of 
stock, and frih meat throU|^»mt the year beoome posslbfai •atr 
t^ agrioaltaral value of the kxid is inoteaeed. 

Botations of crops see oonstracted with a view to jpemuisi^ 
ties of aofl, dimate, and markets, and their modlfiimttoii is 
almost ondleBs. In giving a few exanq^lea vqt«tiosw, we 






glia^ ftolaot iluiiBi with a yiew tb iUiMtrai^ng those general 
prinbiplei which nitwt be iK&pt in tieW in franeing them. Heavy 
eoihi and light eoiU, i>eaty and oalcar^ua eoilB*~eaoh eve 
apecialiy adapted for certain crb^< Keayy lands haye been 
.nan^ whotkt and bean’* soils ; light lands have been termed 
** tninip and barley” soils; and these phrases indicate ihe | 
general adaptability of each. Aooordingly, we find the heayy i 
■oils have boon for the most part deyoted to oom-growing, 
while the light lands have been employed in the oultlyation of 
roots and the winter, grating of sheep. The heayiest soils are 
not adai^ted to root cnltlyation, but are more benefited by 
snmmor or naked fallowing. 

Previous to laying before our Teaders a few oharpoteristio 
rotations, wo must eiq^lain the term ** fallow/’ which is used 
to denote that section of the farm sot apait for the special 
purpose of being cleaned and renewed in fertility. This may 
be treated as a bare fallow, in which case it is repeatedly 
ploughed and worked, and fimUly sown with wheat early in Ihe 
autumn ; or it may bo prepared and planted with ro^, or a 
forage crop, in which case it is termed a root or green crop. 
Erorj rotten commences with some form of fallow, and a 
fallow is invariably succeeded with a grain>orop. Usually this 
grain>crop is seod^ down with grass-seeds, planted among the 
young growing oom, which continue to exist in a subjective 
manner until after harvest, when they occupy the ground, 
becoming the crop for the succeeding year. In some rotations 
these seeds ”—4. e., mixtures of clover and grass seeds — so 
occupy the land for one, and in others for two years, after 
which they are broken up for a corn-crop, which again may or 
may not be followed with a second corn-crop. Sometimes beans 
or poos take tlio place of the seeds, and prepare the land for a 
crop of wheat. 

Wo have already mentioned the old tbroo-course shift as 
having been at one time general throughout England. The 
oourso commonood with fallow, after which was wheat, followed 
by beans. This course is still pursued in some backward parts 
of the county. It will bo seen to bo essentially a clay-land 
rota^on, and one altogether inconsistent with tho maintenance 
of live stock. It, however, affords a good instanoo of the 
manner in which a rotation may bo modified. The original 
fallow, wheat, and boons may be converted into — 


Half fttUow (a) 
Half swodos (b) 


f II‘‘lf boauB (a) ; 


or, at length, into a six-course, as follows : — 


ToUow > wheat i beans : swodes : wheat < seeds. 

Hero we have one-third of tho land in fallow, one-third in 
wheat, and one-third in beans and seeds. It is still suitable 
lor cloy soils, but is in oooordanoe with modem requirements. 
A rotation similar to this obtains in some parts of Essex. 
From two crops and a fallow, wo pass to throe crops and a 
fallow— a opurso suitable for the same class of soils, but of 
better quality* Thus, in South Bucks and parts of Qxon the 
following course is said to bo in vogue : — 


Fallow t wheat : beaus t clover, or poos. 


Again, we find rotation for clay soils in which five crops are 
taken between tho fallowing periods. Thus, upon tho go^ day 
soils of Holdomess the following oourso has been in use 


Fallow t wheat t dovert wheat: oats: beans. 


On tbe Carso of Ck>wrie even a more exhausting rotation has 
been adopted, namely : — 

Fallow : wheat : horiey * clover ; oats : beans i wheat. 

In this ease it must be borne in mind that the oat-stnbbles 
are heavily dunged for tvhoat. 

In exa min ing such rotations, fdlow, clover, and beans mnst 
ell be looked upon as good px^paratiOnB for gndn-orops, 
espeoially for wheat, which will do well after any of thm 
'They are, however, aU deficient as mstm for provid^ food lor 
live stock ; and we dose this review of day-land rotatim by 
briefly describing a plan submittsd to the Boyd Agvioultural 
Socitfty some years a#o by Mr. Staoe, of Snseex, Vrhloh win be 
found in the fioorth volnme of the £k^ety*e **iIonmal.*^ Thhi 
was an attempt to reoondle tbe msiinteiianoe cl his stock with 
a eonrse of cropping idftable to day edit. The difficulty in 
feeding etock upon anliy sdl may be thus stated. The root- 
crop can neither be led off in the winter upon the land, nor 


carted off the I^d in wet 

the soil* The land is trampled in, the cn^ eaiw,. 

widi horses in the other. This is the gfrdtt diffid^ln roilt 
cnldvation upon strong lsmd, and to obfisteit Mr. Staoe xa* 
commends a system in which snminsr lec^ffing of dieep was snb* 
stitttted for winter grazing. Acbordhig^^ he proposM^ 
forage crops during summer, and to them off the laim 
time to sow it with wheat. The plan prepOsed by Hr. BtpMse 
was as follows : — 

1 st year.— Winter vetches eonsuiaed on the load in Hey end Jimb t 

followed with swedes, tandps, and rape. Tbs root-orop end rape 

fed off os early os poe^ble in autumn. 

Snd year.— 'Wheat ; seeded half with trefoil, and half with olorer. 

SrA i Trdoil, mown early, and sown with turnips io be IsA 

^ * ( Olorer mown and fed. 

4th year. — Wheat. 

5th year. — ^Wiuter beans, followed with winter vetches as abovs. 

It will be observed that this rotation has max^ advantages^ 
The land is stocked with sheep during sumxaer and antemm, 
when treading will not injuriously affect the land. The tillage 
is concentrated upon the time of year when clay landi wo^ 
easiest — ^namely, autumn, when wheat, beans, and winter vet(fi»ea 
all demand attention. The soil slso is occupied with crops suit- 
able to its character. On tho other hand, it may be objeoM that 
there is too much. work thrown on to one season of the year, 
and that it will be impossible to oarry out sUoh a system oi 
I cropping unless with ihe aid of steam. Also, that however 
suitable such a course may bo for land in the south, it would be 
impossible to take turnips after vetches, or to a^pt suoh a 
system of ** catch-crops in the north. These are serious 
objections ; but wo would urge, first, that with steam much may 
be done ; and, secondly, that although the whole of a farm could . 
not, perhaps, be managed npon tins principle, yet a portion 
the land might bo so cropped as to ensure summer food for 
sheep in the manner proposed by Mr. Staoe. 

Perhaps no rotation is better known^ cur has been more 
widely used than tho Norfolk four-course. It appears in every 
oounty, and daring some recent years, farms cropped upon tMa 
system have received first prizes given in connection with the 
Boyal Agricultural Society, both in Oxon and Shropslfire. 
Norfolk four-courso is as follows 

Boots; barley: seeds: wheat. 

It has been objected to as being too short, and because both 
roots and seeds occur too frequently. Tho rotation has been 
modified by allowing the seeds to remain two years, thereby 
changing it into a five-course ; also by planting a proportion eff 
land with beans or peas after barley. The Northumberland rota- 
tion is similar to tho above, and comprises the following crops : — 
Boots : barley or wheat : seeds : seeds : oate. 

Tho East Itothian rotation furnishes ns with the foUowiog 
Buooession, hi Vhioh potatoes play an important part : — 

Boots : barley, or wheat x eeedi : oats : potatoes x wheat. 

On oaloaroouB soils, leguminous plants, suoh os dovesii 
beans, peas, and vetches, nsually form a oenspiouous fsatore ; 
on peaty soils, rape, kohl-rabi, and oats are widely cmltivated; 
on light soils, we find turnips and barley in perfeetira ; and ‘ 190 a 
strong or stiff soil, wheat, beans, mangel-wurzel, osbbages, and 
kohl-rabi give excellent results. Thus upon each dass of soila 
we shall find rotations framed with the view of introduoing the 
most suitable crops. 

We have, in the foregoing reznarks, reoognised rotaiiems aa 
valuable. A slavish adherence to soiy one of them k, however, 
bad ; and the intelligent fanner should be able to exercise his 
judi^ent in the cropping of any partidsdar fidd, instead of 
being trammelled by vex^oua rssMotiosm^ Thus, two white 
straw-oropa can be sucoessfully gvown in moosaalou upon the 
aame land, aa has been proved again and again, and some 
oases it is a course to be commended. C fiaus sa whidh UMH 
such a method of ctropniog may be properly stigmatiiNd ae 
meddling; for, as has Wn well chs^qd, yon can neit he r 
prevent farming, nor oommand good farmiiig, by I s a es 
dausss- ^^le true m^od of seeurihg good management i% by 
a Hbml poUoy, to enoomzage tenants of intdHgenee^ nsq^tal. and 
podtSoh, who may then be allowed to farm ^ the beet ef IMr 
abilities, wHh as lew as to matuigenimit be i* eynw 

■isteBt with the trim intsseeto ol Ihe laadlW^ 




^ 9t TVS botal 4jiaciXiX«iBBr« 

iNBmmmsm. 

A BBtlor diiaelptidtt of IAm instrumenti wl^oh h*T« fnmi tSmo 
to timo boea inVenM to dotonnine the Telooitijr of pi^ieotilee is 
proposed to be the sabstaaoe of this paper. To olear the sob- 
jeot a little, it inll be neoeasaiy to explsin some of the advan- 
tages which may arise from Iniowing at what rate projeotilea 
bm moving thro^h the air. The greater velooity any projeo- 
tile hM {emUHt panbus), we get— (1) greater range j <2) flatter 
togeotorp; (8) greato penetration and destructiTe i^eot; (4) 
greater aooaraojr of fdiooting f in iaot, four points which aro of 
&e greatest importance in aiiUlexy or rifle praotioe. 

The nu^tenadoe of the velooit^ of a projectile over a certain 
distance depends on the amount m resistance experienced by it 
from time to time in its passage through the air ; the greater 
the rosistanee, the greater is the loss of velocity, and vice vsrsd; 
60 thi > t it becomes a problem of oonsidorable interest to deter- 
mine experimehtaJly what the actual resistance is to differently 
shaped projeotilea, when moving with different velooities. For 
instooe, yon might get a high volooiiy with a spherical ball, 
and yet it might be inferior for an extended range, on all the 
four points mentioned above, to an elongated projectile flrod 
with a lower velocity out of the same gun, chiefly for two 
reasons : (1) the increased resistance it actually meets with in 
its passage through the air; (2) the decreased weight which 
renders it less able to ove^me the resistance of the air. So 
that supposing the two projectiles wore started at the same 
instant, the spherical projectile would go ahead for a short dis- 
tance, but would soon be overtaken by the elongated projectile, 
and finally strike the ground at a much shorter distance from 
the starting-point. 

Let us now proceed in the description of some of the most 
sucoossfol of the instruments which have been devised for 
measuring the velocity of projectiles. 

The bfidlistlo pondudum was the instrument which gave the 
most practical results before the discovery of ©leotro-magnotism ; 
and l5r. Hutton, Professor ,of Mathematics at the Boyal Mili- 
tary Academy, Woolwich, made a sorios of experiments from 
1775 to 1791, from which he deduced his law of the resistaiioo 
of the air, which, although it fails for low velooities, yet for 
▼elooities above 1,300 feet-aeoouds giv'cs a fair representation 


these diffieultiea became almost intmmMmntable. These dels«H 
as wen as the eapense and unwieldy chataotsr of the 
pointed to the desirability of oontrivijig a simpler and morii 
portable instrument to efi!^ the same object, 

Major Naves, of the Bc^an service, was the first who sue- 
oeeded praotioally in obtaining the velocity of projectiles by 
means of eleetrioity. The instrument he devised was called the 
eleotro-baUistio pendulum, the pendulum being used to measure 
time instead of the force of the blow, as in the former inytanoe. 

This pendulum is capable of revolving about a hcrisontal 
axis through the point of suspension. A galvanic current oirou-v 
latea through an electro-mag^ in the instrument, and through 
the screens, which are made of thin copper wire. When the 
current is circtilating through tlio electro-magnet, the bob of the 
pendulum is raised up to its highest point, and kept there by 
magnetic attraction; and when the current is broken by the 
shot cutting the wire in the first screen, the electro-magnet 
becomes demagnetised, and the bob falls by its own weight. 
When the shot reaches the second screen, it outs a wire through 
which another galvanic ourrent is oiroulating, and oonsoquen^ 
demagnetises a second electro-magnet which had been support- 
ing a small weight. This weight in falling completes a third 
galvanic current, which sets in action a third electro-magnet, 
thus clamping a light index which had been travoUitig with tim 
pendulum from its position of rest. The position of this index 
is read off on a graduated aro, and indicates the angle through 
which the pendulum had moved when the third galvanic stream 
was closed. 

Another instrument called a ** disjunctor *' is used to break 
simultaneously the wriros in the two aoreons, and the position of 
the index is read off as before to eliminate ilio errors of the 
falling weight, etc. eto., so that the difference between these 
angles represents, when converted into time, the actual interval 
which has elapsed during the passage of the shot from the first 
to the second screen. This being a certain measured distance, 
the actual velocity in feet-seconds is easily calculated. 

Colonel liCurs introduced some modifications into this instru- 
ment, which have improved it considerably, making the obser- 
vations obtained by it more reliable. Ho made use of two 
pendulums, one of which carries with it a registering needle, 
attached to a washer at the axis. The right-hand pendulum is 
provided with on arc of a circle^ liaving the axis for its centre, 
upon which slides a stool strap and thumb-screw. Two springs 


A Q of what actually 

/ takes place for 

/ Bphorical shot. 

/ Considering the | 

/ roughness of the 

/ instrument, it is 

/ Fig. 1. remarkable that 

/ ’ * 8uoh good ap- 

/ proximateresults 

/ should have been 

/ obtained. 

/ The ballistic 

pendulum (Fig. 

/ 1) consisted es- 

4^ > I sontially of a re- 

/ oeiver, D, com- 

D monly filled with 

I- _y ii sand, connected 

• "■ to the point of 

«UBpeiudo]!iy O, on which it could turn freely like on ordinary pen- 

dulum. The projectile was fired into this receiver, thus impress- 
ing the whole of its momentum to tiie pendulum, which recoiled 
tfarotigh a certain angle varying with the velocity and weight of 
the prc^eotile. This angle wae carefully read off by means of a 
graduated arc attached to the instrument ; whence, by a mathe- 
matieel calculation, the velocity of the projectile at the point of 
imjpact was determined. The suppositions on which those cal- 
<nilatioiis depended could never be itrietly correct : hence the 
MSults obtuhisd could not be regarded as anything better than 
an appiosdiiiation to tiie truth. For instance, it supposes that 
duri^ the penetration of the projectile into the sand the pen 
dtdfiinn renamined atittei, and alio that the direction of the blow 
aolUd There was alSd Acuity in striking the 

pendidniUf so tiiat tiieve ehottld be no viheation for tmpulee on 
the'iiadsuf sUapUttsloU. 4s tiie ^etaace iErom the gm increased, ] 


arc BO arranged that when tlio right-hand pendulum falls the 
steel strap strikes the end of a lover, and releases the two 
springs, which at once close on the washer of the needle and fix 
the latter in position. Ihe distance from the strap to the stem 
of the pendulum dotorminos the position of the noodle on the 
graduated aro, when the disjunctor is used. The difference 
between the length of this arc obtained with the disjunctor 
and the arc registered by the needle in actual trial, is the aro 
required. This modification of the instrument is usually called 
the Navoz-Leurs.” 

In the Navoz and Navez-Leurs instruments, the time is mea- 
sured by the arc passed over by a pendulum. This method of 
measurement is liable to variation, and a committee of refer- 
ence appointed by the War Office has reported as follows : — 
** The time of describing any g^iven arc is, of course, affected by 
friction; and in order to take this into account, the time of 
describing the same ore by a simple pendulum unaffected by 
friction is multiplied by a factor, the value of which is found by 
observing the instrumental measures which correspond to inter- 
vals of time which are known d priori, such as the time of a body 
falling freely through a given small space. It is found, how- 
ever, that the vahie of this factor is very emaibVy different for 
different i>art8 of the aro of oscillation of the pendulum. Prao- 
tioally the factor is determined by means of falling weights 
with which the instrument is furnished, for a considerable aro, 
beginning a oortain distance below the starting-point of the 
pendulum, then for another ooneiderable aro b<^nning where 
the former ended, and similarly for a third ; and in the conrev- 
sion of ajd aro aotually obser^ in the use of the instrument 
into time, the different values thus obtained are applied to the 
corresponding parts of the total aro described by the penduhim. 
On aooount of the very sensible variation of the footet, it may 
be doubted whether tide mode of converting arc into time pos- 
eesees a degree of etaotaeee answering to the delhmy of the 
instrumental indications. Thus, while indications nearly equal 




THE TEOENIOAL Bl>UOi.TOB. 
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to oMih pitor muy- be oompered by weege of this iiiitriiaeitt 
with iffOtti iMomoyi we do not tb^ tba/t quite the leine eon* 
OKO be pleoed in ite detenniiiethDtiui of ohwolute 
or of velod^ when the diffeetnoe between them ii con* 

eidfr el Dtt T The owe ie eomewhat iimller to that of oomparijiir 
diflhmt temperataree by meesui of a texy eeneitlve thermo- 
meter, whioh, notwithstanding Tocy sensible Tariationa of bore, 
has been oalibrated on the assumption that for very consider- 
able portions of the interral which separates the standard 
points, the bore may be taken as uniform/* 

This error was obriated in a chronograph invented by Ciq;^ 
tain Bonleng^, also of the Belgian Artillery, in whioh the 
time is measur^ by the apace passed over by a. falling weight; 
while the employment of tho eleotro-magnets is the same as in 
the KavoR-Lenrs, A hmg oylindrioal rod is suspended verti- 
cally by an eleotro>magnet in oonneotion with the first screen. 
Another eleotro-magnet in connection with the second screen 
suspends a shorter rod, whioh in falling strikes a trigger which 
relMes a knife so as to mark the zino tubes attaohod to the 
longer rod* These several operations require some definite 
time, which is allowed for by using a **diBjnnotor'* under 
exactly the same conditions* 

Vfhim the shot strikes tho first screen the longer rod oom- 
menoes to fall; and when it strikes the second screen the 
•horter rod oommenoea to fall, and releases a knife to cnt the 
dno on the longer rod. 

The spaoe through whioh the longer rod has fallen represents 
(when oorreoted for the disjunctor reading) the time tho projec- 
tile has taken to traverse the distance between the two soreens; 
and this distance being accurately measured, the velocity of the 
projeotile is easily calculated. 

All these instruments before described are only capable of 
measuring one velocity of a projeotile; but it is possible 
roughly to measure the resistance of the air by using two 
different instruments, so as to get two velocities at two different 
points in the path of the projeotile. 

We are indebted to the Bev. F. Bashforth, B.D., Professor of 
Hathematios to the Advanced Class of Artillery Officers at 
Woolwich, for the accurate experimental investigation of the 
law of the resiitanoe of the air to projeotjles moving at a high 
velooity. 

His ohronograph consists essentially of a cylinder mounted 
vertically wi^ a horizontal fly-whed attached to it. Two 
markers attached to two different eleotro-magnets mark a uni- 
form spiral on the revolving cylinder. One of the eleotro-mag- 
nets is connected with a galvanic battery whioh circulates 
through the sdreens, usually ten, whioh are placed at equal 
intervals apart. The other eleotiro-magnet ia connected with 
a galvanic battery, whioh ia so arranged that a pendulum 
dock besting seconds interrupts the galvanio current once a 
seoond, and so moves the marker out of the uniform spiral, 
and thus gives a scale of time. When tiie circuit whioh circu- 
lates through the screens is broken, the marker in connection 
with the first electro-magnet is moved out of the uniform 
qdral, thus giving as many marks as there are soreens. These 
intmrvsls are oarduUy measured, and compared with the time 
scale ; whence the velooity at the middle point of each spaoe 
between the screens is obtained, and the actual resiatanoe of 
the air at those velocities. 

The differmtial character of this instrument makes the 
results obtained from it worthy of a high degree of credit, 
** since in this way each experiment suppHes means of testing 
the accuracy of &e results, which are whoUy wanting when 
only two intervals of time are measured, and that by two dif- 
ferent instruments.*** Ihe committee further report ‘-that 
they do not think tiiat any means emited before of recording a 
number of suooessive small intervals of time with the degree 
of preoisioa and trustworthiness attained by Professor l&sh- 
forth's Ukstictuttsi^.** Professor Bashforth also introduced a 
** gravity ohronograph** for measuring velooities rapidly and 
aoourattiy cm a si m i lar principle. In tiiis iustrument oiu^ one 
tieotro-magnet It used, which is eonneoted with one gilvanio 
onrtent, and the. marker, instead of tracing a spiiil on the 
mohing oyUnder, makes a ixnaU hole on tim paper* The time, 
half a second, is mmu mr ed by a wek^ falling through a 


f^moe of 4*02 feet. When tim weight c o m me nces to fhU the 
c u rrent is broken end a mark is made, th^ the projeotile 
breaks the cu r re n t when passing through the screens, uaiu% 
three, thus giving three marke; and finally, when the wei^ 
reao^ the bottom, the current is again broken, and a fifth 
maa^ is registered. Thus*^ 

A (l) <SS) m * B 

represents the records on the oylinder. a b, length of half- 
second ; (1) to (2), time on the same scale the proje<^e takes to 
pass from first to second screen; (2) to (8), ditto from second^ 
to third Boreen. The seoond screen is nab necessary for the 
observation d a velocity, but is only introduoed as a check to 
see timt the spaoes are consistent. Knowing the distance be- 
tween the first and third soreens, the velooity is easily oaknlatsd 
by simple proportion, or can be read off by means of a sUds-rule. 

By toe nse of five soreens, the resistiuioe of the sir oan be 
more aoourately determined with toe gravity chronograph than 
by the nse of two instruments, either of Boulengd or Kaves- 
Lenrs, although not with such tooroogh reliability as with the 
ohronograph before described, on account of toe possible slight 
variation in the velooity of the fly-wheel, during the half- 
second. 

A ohronoBoope was likewise oontrived by Captain Andrew 
Koble, of Elswiok, for measuring toe velooity of projectiles in 
toe bore of a gun. The principle is much toe same as in the 
Bashforth ohronograph, but the method of registering the breaks 
in toe current is different. lu toe Noble oh^osoope the mark 
is given by a spark on a blackened droular disc, mode to 
revolve at a high velooity by means of toothed wheels— -the 
mean velooity of which is measured by a stop-dock. This 
method of measuring time does not appear capable of so great 
accuracy as that adopted in toe Bashfe^h chronograph, but it 
is said to give reliable results by those who have used it. 

Experiments oouduoted with these two instruments form toe 
basis of some very valuable knowledge in the soienoe of 
gunnery, and will probably lead to still further investigationa 
of toe subject. 


TECHNICAL DR AWING.-^XLI. 

DBAWIKQ FOB STONEN ASONS. 

FBBBHAND DBAWIKO FOB STOKBMABONB. 

In a previous lesson (Vol. I., page 47) we have said : “It is 
advisable that toe student should be informed that all toe 
drawing whioh is necessary for the artisan cannot be done with 
rules and oompoMe#, but that some portion of the work must 
be done by free-hand.** 

These remarks apply with equal foroe to stonemasons. Snrdy, 
it cannot be right for a man to make up his mind that because 
a templet out out of zinc, etc., is given him, his sole work in 
life is to plabe it against the end of toe blook of atone, soribe 
round it, and chip away until the blook is the same shape all 
along — ^to work a plain surface to a blook, to work accurate 
joints, or to set toe stones according to the working drawiags ; 
although all such work, and very much more, is not only im- 
portant, but absolutely indispensable to the masoti But tiie 
workman must remember that he is not a mere machine ; that 
knowledge and intelligenoe are required in every braarioi; ami 
that toe more aoourately the eye is educated to appredaie 
carved forms, the more readily will the hands exeo^ the 
work* The manual skill of our Btonemasons is unquestioned ^ 
toe noble bmidings daily rising up around us testify to this; 
and it is to nrge on ilm British workman t^ neoesrily for ia- 
orsased mental onltiire and refinement in tidlled Isbm that 
these lines are written* A mason may not have to dstign n 
moulding, a drawing or tenplei of whioh is furnished him by 
toe aroldteot or foreman of works, but it cannot be donbted 
that he wiU execute it more rcadilj and with greater aoesraey 
if he undsrstaada the geometriosl construction or appeeeiatsa 
the relation of one c u rve to another; and his knowto^ 
enabls him to work with interest and totriHgence, instssd cl 
by mare rule of thumb or, aq It were, instinct. Bsaite 
the line which sepaimtos some braaches of masonry fSrom etons 
carving ia difficalt to defiae**tiie ens g r o w s out at the ottwv; 
and awioufh every man shonlA dsIscBtimtodolilil^ 
pwtieular vocatiem, is stiU his bouate wm tiety 


It imutt !»• pc^M oat that tiiil o«m tntiat Pot ipdag 

itiiay immI p e oiww ^ ^ To ilM yoiug artSm ty^ «id4«ifr og obraptly ont of tho pamtMloOiy liiw, ^ 

tiocOadg to foUoir ap the in Pig. 378, bat nost maarge ao gsooMlg Im it that it idM 

QOiiNiB <si iMiMi boM laid down ; tbno, m be adfiitoea in become at laet a portion of tiie bne. Tbie wiU reoulre 

Mgc»b» w^ adfOAoe la knowledge, and initead of goingto tome Httle ptaotloe to aocompUah, bat aa it ia one of the moat 

bia work aa a mace da^-labonxer, he wfll throw hla opirit Into important pginta in omammital drawing, attention ia at onoe 

bia peoaimtidn, and it wfil beocmie to him a labonr of We. oaUedtoit 

Ike acboola of art wbicdi, tfaanka to the Goreiniment Depart* The two lower enrrea on the aame dde mag new be drawn, 
meat of Selenoe and Art, are now wideij r^pread tkeongboat the each a little larger than the one preceding & The atmlidd 



oonntry, afford meant of inatmotion of the higheat oharaoter. I linea naed in the first oorre are, howerar, merelg intended aa 
The admiiably*an«aged oonrae of atodiea adapted for ea^ leadlng-atringa, and therefore, aa toon aa the amaJleat amoont 
brandi of pti^oy art, the oolleotiotia of oaata, Hhxariea, and, of power has been attained, they ahonld be rejected, and the 
above all, excellent tearhlng to be obtained, aU offer oppor* carve drawn withoat each exttaneoaa aid. 
tonitiea wt previonidg open to working men, and of which they Prooeedbg now to a farther atage of ^ atody, draw anoav 
ana mged to aewPl thema^vea. vertioal Hne, and draw the correa on the U(ft aide, which in the 

In cedar to eoonomiae apace, Kg. 872 may be need by the present atimy will be foond rather more difloidt to tew than 
learner aa three aeperato atod^ of whidh the eaaieat may he thoao on the o^er ; the hand ahoold be plaoed hi|^ 
taken Ural. Draw the verthsal line A B, and the obHqoe line op on the paper, and the pencil ahoold be held letter 

0 n on the rfrhf aide, giving the general inbteiion and extent than in the previooa praotiloe. It may here he to 
cf the curve to be drawn. that in freehand tewing generally the pencil ahonld be held 

Kow aet eff betwna n c and n the pointa x and », and tew aa long, and the eye ahonld he kei* aa far from t^ paper, aa 
ttnaaetri^anitetoOB* llaketheaaeqnytojtsaiypg, ha opnveBient. By these meaim freedom of hand and a 
aadtamate euve thmih Of 2»eBda^y viaw of the form ia obtained. 



m THE vSbtfOjm^K 


3a thflM mtvw AtnM at fint rert Bgldily 

tMoed« likoiild not be made np of tepeated eefabdmii 

tettdiiagr ^ eroeeing orat each other^ ae in SHg. 374, bat ci 
•matl ptooM^ trhioh in thamaeh^ fontt portibne of the line to 
be dm^ (Fig. 875). 

Hating thne immtiMd the mtthod ol drawing simple carves 
im^ed towards the right and left sides, the example may be 
o^ried as presented hi the dlgm, the gr^t object to be kept in 
vie# being that the enrtes most balance each other — that is, 
that the one on the rigdit mnst be the exact oonnterpart of that 
on the loft. 

Draw the yertlosl line A s, and the horizontal d d orossing 
it; sot off on this the distanee to which the corres are to 
extend — ^viz., D, B — and on the perpendicular mark the point c. 
Now, whenever lides are to bo bsJanoed, the one on the left 
side should be the ffrst drawn, for it will be clear that if the 
curve on the right side were sketched first, the hand would 
cover it whilst diiawing the other, and this would add much to 
the difficulty of balancing the different porta. Horizontal lines, 
in order to regulate the heights of the onrves, may be used in 
elementary pxaotico ; but after a while a few touches rapidly 
sketched across will be found sufficient, and all squaring of 
free-hand forms should be discarded. 

Fig. 876.^The lines which form the subject of this study 
differ from the previous ones, in being each composed of two 
distinct curves. 

It will be seen that the curve sta'rting from a proceeds as 
far as fc, and then turns in another direction. This peculiar 
bend requires much care, for the exact position of the point at 
which the change takes place materially alters the form. In 
order to afford some guide to the student, the lino a c is drawn, 
and the change of direction in the curve takes place at the 
point h of this line. 

As in the last subject, it is intended that the single curves 
should be practised before attempting to balance them. 

Draw a vertical line, and a horizontal at its extremity ; draw 
a c at the required inclination, and mark on it the point b. 

Now divide <i b and 6 e into equal parts, and draw the lines 
d € and / flf at right angles to a c. Make d e and / g equal to 
the depth of the curve j then, commencing at a, trace the curve 
through c, 6, /, to c. 

Core must bo token that there bo not a sudden bond at 
the juncture, but that the curves may flow gracefully and 
imporooptibly into each other. 

Assuming, then, that the student has had some praotioo in 
drawing the separate curves as they appear on each side of 
the vertlool lino, he may then proceed to draw the complete 
subject, aided at first by the guide-linos, and subsequently 
rejecting them. 

In the two lower ourves the practice is advanced to a curve 
growing out of another. This is another important point in 
ornamental drawing, and has boon referred to in relation to 
Fig. 872. It will be seen that, although the branch i springs 
from it does not project suddenly from the curve g i, but 
merges gracefully out of it ; so that if the port of the curve 
g h were removed, the curve g hi would still be complete ; and 
if the branch h % were taken away, the remaining curve, g hjy 
would not be interrupted. 

Fig. 377.— -In this study, the prootioe afforded in both the 
previous lessons is applied ; the simple and compound curves 
being employed, and f^e bzanoh carried round so as to form 
a simple scroll. The student is urged to copy the whole of the 
fignrds given in this lesson several times, os the practice they 
afford if of the utmost importauoe to him. 

1IK3UB BRAWINO BY MBAK8 OP IKBTBtTXBNTS [continued), 

JfoulcHngii’-— When the face or edge of any work is wrought 
in^ long regulu ohaxmelB or projections, the sections of 
which form wious onrves or roun^ hollows, ogees, etc., it 
is said to be moulded, and each separate member is called a 
motdding. 

Holdings ara divided into Grecian, Bcnnan, and Gothic. 

GreoM mooldiBga are formed of some of the onrves known 
M como sectkmsi eaoh as the ellipse or hyperbola, and some* 
fvein of a sti#%ht line in tiielonn of a chamfer. 

Bmasa mcmldiiige have their sootioos eoiepoaed of arcs of 
mroieSk and thus tboy are found the easiar lor elemeiitarv 
piaotioo in drawing. 


Fig. is fihe of a& oorrsd lObiitditigji, 'itM' 

is called the foM. It hi h desindM upik 

the vertical diaxheter, and is uMidrih tfm bales tff ooladixi|i. 

To draw the torus, let a b be the height of the nieihbsr; 
Bisect AB in d,and with tim delotibe the settd* 

'Circle.' 

The torus, when very small, is called an osteal (1%. 370), 
which proje^ ; but it is termed a head (Fi^. 380) when it does 
not stand out beyond the surface. Stve^ beadings placed 
together are term^ reedings, 

A fillet is a small fiat face (Fig. 881) placed between mould- 
ings to divide them. 

A fillet is, in the bases of columns (as shown in Fig. 878), and 
at the top, as in Fig. 882, joined to a face or to the oolunm itself 
by a smhll quarter-round hollow, called an apophyge. The word 
is originally Greek, and signifies “ flight.’* ^igliah architects 
and builders generally torm it the ** scape” or spring” of a 
column. 

The method of drawing these is so very simple that it is not 
deemed necessary to do more than refer the student to the 
examplea. 

Tlie ovolo (the name of which is derived from the Latin word 
ovunij ” an egg”) is a projecting mould, which in the Greek styles 
is a portion of a conic section, but Which in the Bomau is 
merely a portion of a circle — generally a qLadrant — in which 
case it is (sailed a “ quarter-round ” (Fig. 883). 

To describe a Boman ovolo or quarter-round, let A bo the 
upper extremity and b the lower. At B erect a perpendicular 
cutting a horizontal drawn from A in o j then, with radius c, 
describe tlie quadrant or quarter-round. 

To describe a Grecian ovolo (Fig, 884), two tangents being 
given, as also their points of contact. Let A B and B B be the 
tangents ; A and B the points of contact. Complete the paral- 
lelogram B d A B. 

Produce B d to o, and make d o equal to d B j divide b a and 
A d each into the some number of equals parts. Through the 
points of division in A b draw lines to B, and from c draw Unea 
through tho points of division in a d. These lines intersecting 
those previously drawn, will give tho required curve, which is 
a portion of an ellipse ; the upper part A Q is a oontmuation of 
the same curve. 


BRICK AND TILE MAKING.— III. 

BY (JILBEBT R. EEDOBAVK. 

BBIOKS AND TILES. 

As brick-making is one of the oldest arts, so also are the 
appliances used therein amongst the most antiquated of any of 
our manufactures. Till within tho last few years machinery, 
which was working such wonders in other branches of industry, 
was wholly Ignored in tho brick trade; and its introduotiim 
has been attended in many parts of the country with the 
most disgraceful and scandalous outrages and strikes. Near 
Manchester tho bricklayers refused to use the machine-made 
bricks, and struck work; and the operatives in tiie brick- 
fields placed needles in the clay to maim those who had to 
use it. The machinery was fr^uently maliciously damaged, 
and the unbumt brioks trampled to pieces and destr^red 
wholesale. 

Having in our two former articles treated of the preparation 
of terra-cotta, wo now propose to glance at the prooesses 
employed in brick-making. In former treatises it has been 
usufU to g^ve numerous and accurate details of the mode of 
making brioks by the eomniDn old-fashioned method of hand 
moulding. We wish rather to treat of the BMxmfaoture a« 
improved by the use of maohinery and modem appliances, sad 
as practised in the neighbourhood of most of our large towns 
at the present day. The two prindpal proeesaes of produoiag 
maohine-made brioks depend upon tiie state of the dUy during 
the operation of mould^, and are known lespeotivety as tiis 
dry or semi-dry and the plastio ptooessea. Of these tbs dry 
or semi-dry is the more recent, end the plastio the older metiiod. 
It will readily be understood that in dealing with j^tstio elsy 
the material has, prevkus to Its use, to bo oawaful^ tsnq^ersd 
and prspared; and In the more perftot of the pl^o bribk- 
making maohmes we Imvs aoooiedingly appamtus for sflisqt ii i g 
thisohjeot For thedlyor sMsi^iy proessaB^ nsemi 






suy ia io inhS^ ^i to 4 Ji< 4 to of di^doioa, 

wtk&li Ota 1 m oMtl^ ^ readily done in aa od^nmner or 
Tertaoalri^ Vliio Iffpdn^ of briolu from tbil grcwOd 
i^en aierdiy d^enda 4poa tbe preeanre wMob ia iwpEed to the 
dnat in the JpOQ^ i tor, aa it ia well kiMwn, near^ aay homo- 
geneona whed ifronnd to a fine lewder oa4be oonaoH- 

dated toaanrpriaingextentif expoaedtogr^PMSimre. After 
thia bsrkf ontline of the two chief modem ayatenui, we may 
proceed to exaxidBe more minutely the detaila of ea<m plan of 
worlds, beffianiag with the dry ptroo^. 

Tixe elay, aa it comea^rom the pit or qudrry» with little or no 
aeleotion, with no n^eparatory expoanre to the infinen^ of 
the weather, ia oonveyed.to the edge^mhners or other maohinety 
used to pulyeriae it. We have mentioned the edge-mnner, aa 
thin form of grinding ia mo^ frequently resorted to, owing to* 
its dheaitneaa and idmplioity. Thia machine, aa used in the 
neighbourhood of Leeds, has the bottom of the pan perforated 
wil^ nummua wnaJl holes, through which the ground olay 
drops into the hoppers pla^ beneath it. Sometimes these 
mills have openinga in i^e aide of the pan, and in this case the 
contents are puadied by means of scrapers on to belts, which 
convey the materials to the siev^ and elevators. Some firms 
use the diaintegratmr for grinding the clay ; and thia maolune, 
though it takes a great deal of power, is an admirable and 
'efficient mode of. grinding. It may be briefly described as a 
aeries of cages of iron bars, which are made to rovolvo rapidly 
in altentab^ different directions. Into the contro cage the 
matmial to be ground is gradually introduced, and as it passes 
through from cage to cage it comes in contact with, and is 
carried round and round by tlie rapidly^moving bars, and doahod 
to pieces, escaping Anally on the oircnmforenco of the outer 
cage in a finely ^vided state. A six<loot disintegrator will 
crush 180 tons of hard olay in ten hours, at a cost of little more 
than 6d. per ton, which ia far below tho cost of any other 
method of grinding we know of. For a common class of brick 
it is not necessary that the grinding should be very fine, though 
a tolerably uniform size for tho grains of olay is of importance, 
and it is usual, therefore, to screen or sift tho clay powder, which 
can be done for about a halfpenny per ton. 

There are many dry-process machines before tho public, and 
it would be invidious in such an articlo as this to single out any 
partioolar maker for special reference. The general principle 
arrived at in oases is the same — namely, to provide a simple 
and expeditious plan of filling the moulds with the powder, 
applymg the pressure, and of reUoving tho moidd, and finally 
of delivering riie moulded brick. A simple and us^ul form of 
the ^ press is that which has a movable plate or table, which 
carries one or more moulds or dies. Thia table closes the orifice 
of a large hopp^ containing the ground clay j but, by a travers- 
ing motion which is imparted it, tho moulds which form 
recesses in it are constantly oarriod back to the hopper to be 
filled, and, on moving forwards, the level surface of tho table 
agra closes the hopper. The moulds having been thus filled, 
and brought under the pistons of the press which carry tho 
plates or pallets to form the top, are then subjected to heavy 
pressure, either by means of st^m, a hydraulic ram, a cam- 
wheel, or a stamping action, like that of ihe coining press. 
This pressure or blow may take effect only on the top of the 
mould, or on the bottom, or on both eurfaoes combined, and 
need, ^ oonrse, only be instantaneous ; though we are inolined to 
think that better work is done by a slow and gradually inoreas- 
^weight, like th^ given by a cam, than a rapid blow such as 
is given by a screw-press. Having received the pressure, the 
brick is then forced out of the mould, rither upwards to Ihe levd 
of the table, by causing the bottom of the mould to rise, or 
fiownwards by dropping the bottken plate with the newly-formed 
brick upon it. "Wo l£ke those machines best which lift the 
brick to the level of the table, and then, with a sliding arm, 
prop^ it to the edge of the table, in a convenient position for 
Mmotal, while the nead; one is beiiqr pressed. Such machines 
are temed ** self-difiivsring ; ** and hs some a series of runners, 
ooveied with fiaimsl, oonvsy a^y the newly-formed bricks. Of 
ootisss, in sU the machines where the brick is made xmder pres- 
sure, ttenlds have to be very strongly made of metal, and 
have also to be coned or sloped slightly odtwardi, in ordw to 
admit of the ready rauumd of tha brick. Another matter 
has to be atSsaded to is the oiling eff iho mould. This 
ihddidlidw plmm fim^ently, if after the withdrawal 


aW 

of wuef bri^ bert bumU&m m attiagM M tb' bB 
the mould earii time with a bruah or piston, which ii in coniMtl' 
contact wirii waste or wool MarihiPss of ihis kind a^ 

I known as •^Stlf-lubricaring,** 

It will readily be Understood that as the day for making 
pressed bricks In the way we have just descriiyi is tised almost 
dry, they do not reqmre to be ** hacked’* or stadmd very long 
before they are ready for fixing. Indeed, if the clay lO tiodi iU 
too moist a state i^e water is squeezed out of It in press, 
and its shape and appearance are spoiled. The obnristency of ^ 
the pressed bricks on leaving the mould is such that rimy Pan 
very readily be handled and l^lt up in hacks to dry. We aim 
convinced that there is no kind of kfin better adapted for dxyin 
and firing bricks than Hoffmann’s ; and we shall, iherefore, in 
the first instanoe, describe thif class of kiln. The upper surfiioa 
of this kiln, on being roofed in, forms a most convenient drying 
floor for the bricks, and they may be wheeled up here from 
the pressor, and stacked for a day or two so that they may 
become thoroughly dry. 

The so-called “ annular kiln** consists of a series of com- 
partmonts snrronnding a central chimney, and these compart- 
ments are so arranged that they can bo connected together or 
separated from one another at pleasure by means of movable 
screens or partitions ; and each compartment can in snocession 
I be placed in connection with, or cut off from the chimney by 
I an arrangement of dampers. At tho npper part of each com- 
partment are numerous small orifices for the introduction of 
tho fuel, and a door through the side wall of the kiln gives the 
means of filling and removing from each section the materials 
to be burnt. The kiln may with advantage consist of from ten 
to twenty compartments, each one of which would hold on an 
average 16,000 bricks ; and tho kiln, when in full work, may be 
filled and emptied at tho rate of one comportment in every 
twonty-fonr hours. In a kiln of such a sice as this the action is 
somewhat complicated and difiloult to explain. We will endea- 
vour as briefly as possible to indicate tho mode of working a Hoff- 
mann kiln with sixteen compartments. Starting from any one 
section, we will number them for reference from 1 to 16. If wo, 
therefore, take No. 1, wo shall have No. 16 on one side of it and 
No. 2 on tho other. Supposing the kiln to bo in full working 
order. No. 16 would bo in progress of being filled with green or 
unbumt bricks, and from No. 1 they would be “drawing” or 
emptying the burnt bricks. Tho compartments 8 and 9 would be 
about in full firing, and the flue connecting compartment No. 16 
and the chimney would be open, while Nos. 15 and 16 would be 
separated by moans of a temporory screen of iron plates. The 
air to support tho combustion would thus bo entering the kiln, 
through the door of section 1, and, passing through oompart- 
ments 2, 8, 4, 5, and 6, it would assist in cooling them, and in 
return take up much of their waste heat. Through tho holes in 
tho roof of tho 8th and 9th comiMirtments tho fireman would 
I be introducing the fuel, and tho heat passing from these two 
I compartments would probably have made Nos, 10 and 11 nearly 
red hot, though no fuel had as yet been put into them. Th& 
heated air, in passing through 12, 18, 14, and 16, would be 
employed in driving off the moisture from the gfreen bricks, the 
15th compartment having only been filled on the previous day ; 
the waste heat and steam would then escape from 15 throt^ 
the flue into the chimney. If our readers have been able to 
follow ns in this description, it will readily bo seen that we have 
hero the most favourable oonffition for economical working ? for 
tho heat given out by tho brick in cooling is all carried forward 
and ntnised in the fix^, and the superfluous beat from the 
firing is made to ** smoke** or drive off the moisture from the 
unbumt btioks. The mode of loading each compartment does 
not differ very much from an ordinary circular or flue kiln ; it 
is only necessary in the lower pwrt to leave free spaces among 
the bricks for the passage of the draught, and to arrange on 
open hole or fixeplaoe beneath eaoh of feeding orifloes in riie 
top or roof of the oompartmeht. These vortical fireplaces axe 
ki^ exaot^ tme by dropping a phunmet through the opening, 
and It is, customary to arrange a number of bricks in each chs 
projecthig sKghtly forward to serve as lodges on vrhk& tbs 
ooal-sladk or dust used as fuel may rest, instead of all filllisg 
in a lump to the bottom. In consequence of the admirable 
way in which the heat is utflised In these kilns, the qusarity of 
fuel for a given number of bridks is extremely small— not 

mom than from 8 to 5 Cwt. of riadk per thousand, vrhfie In the 



TBOionoAL mricmoB- 


dAlotm «( kSa » oinmmptim «( IB eirt. mu not MmUmd 
fSMNMiift* '' 

OCIm iKotfbattn kih U aii ihoxmt pt^Mi cmoke-mtiuiitr-^ 
pmonoe of ftoy imoko is at o&oe a dissar psoof tint 
•OBispartol the opetaiioxi is beisig i«1sinaBSged"*a^ it does 
Us we^ yeary nnifopily, that is, the ooBtents see rstj tega» 
httlf and erenly fired* The chief objeotums which are bronght 
Idrwsed sgsiBst it see its great cost (from £9,000 to ^4,(r00), 
aad the fact that it aeoessitates a ^ety hu^ and constant 
make, as it cannot be stopped for a day or t^ when trade is 
■lack, but must be kept continuously at work. Bricks made 
in the way we hare desoibed can be produced in a shorter time 
those used from phMrtio clay, owing to the shorter time 
they take in drying. Thus, day dug <m Monday is made the 
same day into bihslmt which would, uiito ordinsry oonditums, be 
dry mottgh on Timsday to go into the kiln, and on being briolmd 
up on Wednesday in a sixtim«ooiBpsrtment kiln they would he 
drawn on the foUowiiig Saturday fortnight. The bricks made 
by the dry process, though generally truer and better in form 
than those made from plastio day, lack the tonghness and 
stMimth of the latter brick, and are readily broken by a smart 
bbw with Uie trowel in setting, especially if they are slightly 
iiiidsr*bumt* This seems to be owing to a want of due oohesion 
between psrtides of day, as the fracture of suoh bricks 
looks gritty, like stone, and moreover, their outer layer is often 
mnoh hardOT than the interior. 

The dry process lends itself very well to the preparation of 
the so-oaUed oonorete bricks, or bricks which rely for their con- 
solidation npon the setting power of lime or cement, and not 
upon firing. In the neighbourhood of dweUing-hwes the 
burning of hrioks givee rise to many noxious gases and smdls, 
not to mention the dmse blade smoke, and there is no doubt 
that sooner or later brick-fields wUl all be banished from the 
outskirts of inhabited districts. With this probability in view 
several manufacturers have set to work to discover the best 
way ci making bricks from lime and sand or Portland oement 
and sand, whii^ might in a few days after making become hard 
enough to use for building purposes ; and owing to the vaatly 
inoreaBed resistanoe of oement oonorete made under preesure, it 
•eenis Uke^ that this problem is on the eve of being sdved. 
Thus, a mixture of one part of Portland oement and eight ports 
of sand gauged very stiff, or with a very small proportion of water, 
on being submitted to a pressure of twenty tons in a mould, set 
wy rapidly, and in four or five days was ready for use. The 
eoonomiofll aspect of this mode of manufacturing brioks depends 
upon the entiM saving of fuel, the decreased amount of manipu- 
lation which is requisite, and the rapidity with which the article 
can be produced. All danger in the drj^g and firing is like- 
wise av^ded, and the bricks are all exactly uniform in weight 
and ap];>earanoe. The defects of this system are the diAoulty of 
mixing intimately the sand and the oement, the dinginoss of 
the o<Sonr, and the weight of the resultant brioks. We think, 
however, that all these objeoilaona may be shortly overoome ; 
and we hope to aee oonorete brioks before long in general nse. 
It is obvious that the mode of dealing with the oement is the 
same as we have deecribed for the semi-dry olay. 

We may now consider the manufacture brioks by the 
plastio process, which, we may add, is by far the more common 
cf the two. Por this purpose the day is usually dug or ** got ** 
in the autumn, and allowed to remain in shallow heaps through 
the winter in order to ** fall,** though many manufacturers now 
look upon this as an exploded txadimon of ^e trade. To temper 
it ikmugfaly, the olay is passed through horisonhil rollers set 
to various gauges, which break up the hard lumps, and from the 
foUssra it is passed into a pug-n^, where, under the acrion of 
knivea or cutters, and with the addition ci water, it is brought 
to a waay consistenoy. In some machines the day is forced 
out of the pug-mill in a stream of euitsble siae for cutting up 
into bricks, esy ten inches by five inches. This stream pf day 
la oouduetad of fiannel-covered Tuanm, and ii from 

ilmetctiiae cut:«>M slieesthreaindisa thick by means of wire 
CRitterB meuiEted hi a teas, which can be made to move aorceB 
and divide the dey Into hrioks. In oibim bite maohiass the 
day ten the pugmlll is passed into a oyMiite, where it ie 
tejeoted to conrideedfie pressure, snd aquemed out into a 
•Imam, which is than ont up into bdeka by n wbe travecalng 
•mem tha clay. In cur atari arllde we Chaa teTwith other 
plmtri peowMs, aid acme d te many vmlete of ^b^ 
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TKl OXBOOXbAA saw. 

Axosra the most useful pieces of maddnery used in die oob- 
straotive arte the saw tees high rank. Without its aid ft 
would be impossible, or nearly so, to out up a trse or any large 
mam of timber into planks, or smaller pieces suitsbls for the 
purposes for whidi they may be required. But powerful as the 
saw may be in all its variations, ten die tenon anid keyhole 
eaw to die long lithe blade worked by two sawyors in a pit, the 
work that is done by it, when set in action by maimsl labour, 
is slight when compared with that whidi is effected by it in its 
modified oironler form, driven with great nqfidity by mechani- 
oal appliances or by steam or water power. 

The dronlar saw is a disc of thin steel, containing teth on its 
oiroumferenoe. The magnitude of the teeth depends very mudi 
upon the oharaoter of the wood which the saw is intended to be 
employed In cutting. They are generally very much larger 
than die teeth in the ordroary hand-saw. The droular saw is 
made to revolve with very great velooily, and the wood to be 
acted npon is brought agabist its ote^erefioe. In order to 
estimate the relation of the power which the saw exerts to its 
velooity, we shall enter into details with referenoe to the small 
circular saw represented in the next page (Fig. 1). What we 
have to say with referenoe to this saw we shall afterwards 
apply to large dronlar saws worked by means of steam-engines 
or water-miUs. 

o T is a heavy fly-whed, containing a groove in its circum- 
ferenoe for the reoeption of a band. A B is a treadle, which is 
worked by the foot. This treadle is mounted on a pivot at A, 
and at b te oonneoting-md b B is attached to the crank 0 B i 
and the alternate motion of the treadle thus produces a rotatory 
motion of the wheel The wheel must be tolerably heavy, 
because it is only during the down-stroke of the treadle 
that the force is oommunioated to the whed, and therefore (be 
inertia of the wheel must snifioe to oarry on the motion during 
the up-stroke. This arrangement is similar to that already 
mentioned in the lathe. The band whidi embraces the fly- 
wheel passes upwards to a pulley, o. This puU^ is very mu^ 
smeller than the fly-wheel. We shall suppose tW the pulley 
has only one-tenth the diameter of the fly-wheel, and therefore 
the pulley will perform ten revolutions for each revolution of 
the wheel ; on te same spindle which oarries the pulley o the 
dronlar saw B is mounted. This eaw therefore revolves with 
the pulley. The saw passes through a slit in the table upon 
whidi the blook, 8, to be sawn is placed. In order to examine 
the forces and velocities at the different pointe of this machine, 
we shall give dimensions to the different parts. Let A B, the 
treadle, be 2 feet long, and let the pressure be appHed at the 
point D, midway between A and B. Let the onte, o b, be 2 
inches long, the diameter of the fly-wheel 20 inches, the diameter 
of the pnlley 2 inohes, and the diameter of the dxcular saw 16 
inches. We diall also suppoee that the average pressure exerted 
by the foot upon the trei^ is 80 pounds. 

The point b oeoillatee through a space which is very nearly 
double the length of the crank o B. d moves throni^ half the 
diatanoe through which b moves, since A d is half cf A B. 
Hence for eadi revdution of the whed, the mean pceasnrs at BO 
pounds is applied through a distance of 2 indies, andtharelm 
aoK^»s 

units of work are imparted to the wha^ at each xevdutknit 

^e dsodar saw hae in its dreumfemoe a length of 
2 X 8 X « 90 Incibae vwy neariy ^ 

and rinoa a dccnlar saw ostei tan revdoriciw to each lwvo> 
lution of the fly-whed, it foBewe that the edge of the saw wffl 
move through 600 iadhse wldle the power which givee motton 
to the machine has ody amved throogh 2 inehss. Hspmo 
themagsriedeefto prsainw whidi the m a rgin eCthO saw ls 
of eserthig is 

11^ « (Bis pete, er usMdy 2 as. 

la the nse of an teasiy hteuuw, the cmpeWlir is ete 





fdipvs of # IMO ^ MPtml $o»idf in Miriiir n 

plank /iilueli Oirii l>o ^ 

naa of » oiroow anw ofte ike pnaanta of ike eoti^ p$xU 
of the eew iMQon^ e few tmnoea^ Thia diflinwioe ie to 
jbe ntteihoted to ike fiM telooiiy’ with wkkk the ohranltt 
aawinowea. 

Xf we melee the 91p>wkeel more fomid onoe in e aeoond, the 
nuofin of the aew tiewti 500 inohea in e aaoond, or akont 
2,500 leet in A niinttte, let ns aaiq;>oae that the wood la out et 
tl^ sate of 1 ifoot per minnte by die eitoiilair aew } then each 
rerokattion of the law will have to ont about the two-hondredth 
pairt of an inoh. The oironofeienoe of tiie aaw omttiins, we 
ataU impppee, fifty teeth; thns, einoe in one revdhition the fifty 
teeth have osty to ont the two-hnndxedth part of an inoh, it 
f oUowf ikat eabh tooth 
has oalj to take a ont of 
aboot one ten-thoneandth 
part of an inch# Thus a 
Tory amall foioe alone ia 
neeeasaiy for the pnrpoae 
of nrging the t^h of 
the aaw to their work. 

Thia force ia in the oaae 
we have snppoaed about 
two onnoeii 

The adTantage of work* 
ing at a high apeed, with 
amall j^inre and amall 
ont, principally depends 
npon the amoothneaa and 
TOgnlarity with which the 
work proceeds under these 
oirenmstanoes. The dr- 
oular saw itself beoennes 
a sort ol fly-wheel, and, 
by its high velooity, is 
able to more nniib^y, 
notwithstandingthesmi^ 
changes in the resistanee 
wMoh are never absent 
from snob a process as 
eawing. In sawing logs 
of w(^ into planks a 
series of parallel saws, 
which make several cuts 
simnltoneonaly, are em- 
ployed. The mode by 
which the saws are moved 
is very simple. The seve- 
ral blades are mounted 
in a frame which moves 
vertically upwards and 
downwards in gnides. 

These saws are strained 
by wedges to the proper 
degree of tension. Pieces 
of wood of the exact 
width of planks re- 
<;tnired arepiac^ between 
each pair ot sawa , and the whole series is bound together tightly. 

Hie mechanism which gives motion to the frame is shown 
inPig.2. CD is the frame, of which one saw, CD, is represented; 
▲ is Sie extremity of a shaft which carries ike crank ab. This 
oiank is attached to the end c^ the frame by the oonnsoting-rod 
B c. Thus, as the shaft rotates, ike frame oscillates backwards 
and forwards, and cuts the wood which is brought against it; 

Special mediaiiism must be provided by whick this log which 
is being sawn into planks shsll be carried forwards during the 
operatic We shall first examine into the conditions which 
must bo fnlflOlled by a perfect apparatus for administering the 
feed, and then we ahaU dsaeribe some of the different marfiinei 
whkk ate en^oloyed for the purpose. To saw uniformly, it is 
proper that each tooth should have to make a out of the same 
dep^ ike amottSt of ikat depth dw^oudmg upon the quality cl 
the wood and ike magnitode of ike log which is being operated 
upon. The ItanieOD, and therefore the saw wHoh it carries, do 
wed move uni^^ Whsntheextrem%of iheoenneeting-rod 

la at If the saw is than et Iti higheat pmt» and ita velooity at 




that pohri vwririma. When the oraidc nmvia towiida t, the 
valodtycf theaawgiadualtyiiunnaaeaf imtfitheani^ betweaii 
the mnnk and the ceaneoting-xod beeomaa a right angle; tiaarlj 
at ^ia point ike velooity of the aaw ii'amaadmum. Ast^ crank 
oontiniief Ha revolution the velocity gradually diminiahet, until 
itbeoomea aero at the bottom point, K. Tlie crank then asoea^ 
through the semioirole H x i, and raisoa the frimm, the saw 
fe a ring to aot during thhi part the motion. during 

half the time the mat^e is working the aaw haa oaaaad to act 
entirely, and during the remainder of the time ike action ia 
variable. Tkeae points determine the character of the motbn 
which gives the fM. Baring the up-stroke of the aaw the feed 
mutt eridantly oeaae altogether ; during the down-stroke the ICed ' 
must be so applied that ei^ tooth of the saw shall have the 

out to make. Itiaevidant 
that this will not be the 
case if the feed be uni-! 
form during the down-) 
stroke. The velocity of: 
the middle teeth ot the' 
■aw dnring the down- 
stroke is greater than 
the velooity of the ex- 
treme teeth; hence, if 
the velooity of feed ware 
uniform, each of the ex- 
treme teeth would have 
to take a larger cut than 
the central teeth, and the 
work would not proceed 
with uniformity. The 
velooity of the feed duis 
ing the down-stroke must 
be so regulated as to 
bear a constant propor- 
tion to the velority df 
the saw at the lame in- 
stant. 

We shall now desoribe 
some of the different ar- 
rangements which are in 
nse for the purpose of 
regulating the feed, in 
aooordanoe with the oon- 
ditions we have, deter- 
mined. The immediate 
arrangement by which the 
motion is given to the 
timber is by means of a 
pair of rollers, between 
which the log is tightly 
held ; one of these rollers 
is acted upon by some 
one ot the different {deoes 
of mechanism which we 
■hall now examine. 

The annexed figure 
(Fig. 3) represents one of 
the most usual forms of 
apparatus. A is a ratohet wheel, which ia connected with 
one of the rollers by which the wood is advanced to be out. 
This ratchet wheel is moved by the tooth D a, which is attached 
to the arm b o, taming aroond the centre B« It will earily be 
understood from the figure that when d i is pushed towi^ 
the ratohet wheel this wheel is advanced, while when D a is with- 
drawn from the wheel it will fall over ike teeth without moving 
the wheel. It is therefore neoeseary to provide a reoiprooatinf 
motion for the arm b o to move ^ pdeoe d a. p s is a disc 
which is turned round hj the nuukkiery which works the sawa* 
p B is a screw turned by a handle at B, which carries rim ant 
Q. The oemneoting-rod t o is attached by a pin, about whkk it 
can move fre^, to the nut Q. When the wheel p s totateeika 
2mt Q deeerfbos a circle of which p is the centre. The COB^ 
sequenbe of ritis motion of the oonneoting-rod is that rim 
poM 0 is made to oscillate backwards and forwards, and thka 
wcric rim ratohet wheel. 

We than sow eaqkdnkow this eontrivsime is abla ta paedma 
morion of rim ohsraoter which is raquhead for rim imd^ ^ 





THB 


thflo irt ihe objtot of ^ tmir wiioie 

m in tHa whoal Tke poki^ o moret in tiie m of 

o 0 isdi 0 » of wibioh b is the eentre<i ISie dietenoe throdg^ BdUoll 
omov^ ia» howeveoi'i tmarll in ootoiWirlion with the leagtli of 
the wnn B c. Hence we xna^ withOnt a|ip 9 eo^^ esror ooniider 
HM the point c movee in » cb^ail^ hm perpendieBlMr to;B o, 
for ncmaUeoro of II eirole dIffieveToxy little from the chord of 
tint oirole. Sinoe, therefore, one end of the rod c Q movei in 
whet i« pmotioaUy a etnii^t line, while the other deseribeB 
a complete circle, the motim of t^ point c must be exaotiy 
ffimilar to that of the frame and eaws in Pig. 2. In faot, the 
frame ie moved in a etnUght line by a obnneoting-rod, the other 
end of which describee a circle. It foUowa, therefore, that the 
motion of o is siimlar in character, though, of oonrse,, different 
in extent to the moidon whioh aotnates the saws. 

The point D moves in a similar manner to the point c. This 
wUl ea^y be proved by drawing a consecutive portion of the rod 
s 0 to the position ehown in tho figure. , It will then be found 
that the old and new portions of the point o form with b a 
trianiide similar to the old and now portions of tho point d and 
the point B. Hence tho point d moves backwards and forwards 
with a motion similar to the movement of the saw-frame and 
the saws. 

By means of the piece o e, the motion of the point v is 
imparted to tho oircumforcnco of tho wheel A. While b is 
receding, tho piece drops from one tooth to the next, and the 
wheel remains at rest i this is arranged to take place when the 
saw is being raised, and is therefore out of action. When the 
saw descends, the piece d E is moved forwards with a motion 
whioh gradui^y ocoolorates as the velocity of the saw aooele- ! 
rates, and then gradually comes to rest as the cut of the saw 
draws to a close. Thus the feed is adjusted so that the work 
proceeds with the utmost uniformity. The object of the detent 
H K is to prevent any motion of tho ratchet wheel when tho 
piooe B B is being drawn backwards. Were it not for this 
piece, vibration or other causes might drive tho piece of timber 
from the saws during the up-stroke, and thus tho next out would 
bo less than the proper amount. 

So far we have only described tho means by whioh tho right 
character of the feed is given ; the actual magnitude of tho feed 
is determined by the position of the nut upon the sorew. Tho 
amount by whioh the timber is advanced at each out depends 
upon the number of tooth taken up by tho piece D e. This ' 
depends upon the distance through wMch d moves at each I 
vibration, and this again depends upon tho distance through 
whioh 0 moves. The length of the path which c describes is 
equal to the diameter of tho circle described by the nut q. | 
liis will easily be understood from Fig. 2. It is there evi- 
dent that the saw-frame oscillates through a space equal to 
the diameter of the oirole described by tho extremity of the 
crank, precisely similar to the motion ^ the rod o Q in the 
present case. The point o describee a space equal io twice 
B Q. How, by means of the handle n, the nut q can ])e ap- 
proached to the centre p or withdrawn therefrom; and thus 
the amplitude of the path described by c is capable of the 
most complete control. The handle b can, of course, be re- 
moved when the adjastmont has been made, so as not to inter- 
fere with the revolution of the wheel and the motion of the 
oouueoting-rod* 

The only objootiou to the use of the apparatus we have 
described is that great exaotuesa of adjustment of the cut is 
not attainable* The piece B B can be mode to take up any 
integral number of tSeth, but cannot, of course, take fractional 
Murts. This inconvenience may be to a groat extent obviated 
by having the teeth very vaiH and numerous; in this case, 
though only an integral number can aUU be taken, yet a nicer 
approxiiiimU<m can Im made to tho oapabilities of the macdune. 

a far more elegant arrangement is found in what is known 
, as tho. '* silent feed.’* By the nee of tbit appliance the feed oan 
be adlusted with the utmost deUoaoy. In &ot, the oontrivanoe 
is eq^valeiil to a ratchet wheel ivith an infinite number of 
teeth. 

In tbe pnment sfides of lessons we have made menysefer- 
snoiB to the loroe of friction. This loroe generally appears as 
a tooe of resietsiioe to motion; but not mfbmquentW this very 
foroe is made means of producing SM>tion. u we hasp 
two pieees in oontiSti one of them msy Innm mtion 
moving thp othof jlpne^^w^ while when 


fsdetion is prceoint the motion of ^one pim of neoesidiy eon- 
strains the motion of second pim else* Hem we W 
friction ms the: direct bsiise cf the mct>^ second pleoe. 
It is this prhiciple which is ppphed in the nee of the ^' sUent 
feed** for sawing ma^dnes. > , . 

In Fig. 4, Q is the^oontre of a wheel whioh, when the silent feed 
is used, replug the ratohet 
wheel whi^ is attached to 
the roller that moves the 
timber. -This wheel has a 
rim on its (droumlereBoe---it 
is, in foot, part of a cylinder 
whose axis is perpendicular 
to the plane of the power, 
and passes through q. The 
obje^ of this rim is to 
enable tho nipping appa- 
ratus to pass clear of the 
spokes of the wheel. 

H N is a saddle whioh 
slides upon the onter oircum- 
ferenoe of the cylinder ; a c b 
is a lever centred at c. h k 
is a piece which fits very 
closely on the inside of the 
cylinder. A b is the con- 
necting-rod, which is mode to move in the same manner as the 
connecting-rod in the ratohet wheel. When A b is moved in the 
direction pointed out by the arrow, the piece H X is pressed 
firmly against the inside of the rim, and the friction is si^oient 
to make tho saddle and tho wheel move in one piece ; thus the 
motion of tho connecting-rod makes the wheel revolve precisely 
as in the ease of the ratchet wheel. On the return motion of the 
connecting-rod, tho piece H K unlocks, and the lever A B is met 
by a stop on the saddle p, which restrains its motion from ag^ain 
locking H K ; thus on the return the wheel remains at rest. By 
moans of the screw already described, the distance through 
whioh tho saddle moves upon the rim can be adjtuited with ^e 
utmost delicacy, and thus the magnitude of the feed is under 
the most precise control, s is a stop whioh is acted upon by 
tho screw 1>. When s is screwed np, the saddle is unable to 
look, and the mechanism is thrown out of gear ; this is equiva- 
lent to raising the piece d b from the ratohet wheel. 

A second saddle and friction-piece are fixed npon the rim, 
TO as to discharge tho function of the detent H K in restrain- 
ing tho motion of the wheel during the up-stroke of the saw. 

Tho machinery whioh we have described as used in tho 
sawing of timber contains the principal oontrivanoeB to be met 
with in saw-mills ; but space does not permit ns to treat of 
several minor details. 


CIVIL ENGINEERING.— IX. 

BT B. O. B ABTB OLOICBW, O.B., U.8.B. 

BOCKS. 

The Victoria “ London ** Books deserve a epdcial Botioe, <m 
account of the magnitude and perfection of the works called 
out in connection with them. They oeoupy a posi^on in a direo- 
tion east and west, across a promontory separating GaUeon’a 
'Reach on the oast from Bngsby’s Bef^ on the west; the 
original idea in placing the docks in this locality bring to afford 
an entrance at each extaremity, opening into either rearii, where- 
by the entrance and departure of vessels would be facilitated.* 
The dooks now in operation oooupy ^ weetern portion of the 
promontory, and possess a water-area of nearly lOO otm, of 
whioh the main dock alone exhibits a mugnifioent sheet of 
water of $0 aoree, whilst the tidal basin and entranoe-loqk 
16 acres. 

The basin and dock together are 4,060 feet long, and 1,050 
feet wide at the level of high-watsv mark. Veroels eater by 
two pairs of look-gates from the Thamm into the tidal basin^ 
whioh is separated by a dumb jetty, with a sbi^pair of gates, 
&om the maiu dock. In the Igtt^ mm four jsttl^ 

681 feet into the do<A on the neriih side, fortiml o a d ing nn- 

■ I, — ..1 ... 

, * In laeo an ext ero io a el tte V^riesb l)orim spBtim^ was s peasd. 
lermsd thS' 




iiutfl(,jmd the bottom pBa4M with fi% to 

iqppoo of r430/foet b^ thomi mth 4it0 feet of wator iotei> loot the omusrete at the book tho im pktw ii oam$ed to 
muag bebvree^ ooBterb^ jett^ aad the eastern boon- the same depth as the bottom cd the dley p«ddle» and the 

daiy of^the doo^ By >thia anai^iremmtt q(aiiy*room eqoal to entite space between the oonoreta and ;ihelaiid4iiee is fiU^ in 
neady three sniJee is pjwmded. with giavel, well rammed. In the look^olmittber th^ 

The of the , basin and main dock Is 24 fset below the bottom was taken out down to the (day« sxoept at the 

!l!ki)dty MilhfWatev mark* whilst the depth gradually inooreases aides where the piles are driren, and here eonosete is laid, 
to 25 feet d inches in the channel leading from thalocdc to the sloping hxm the wall downwards towards ths oentre, the 
basilic diminishing 2 inches on the siH of the inner gates, and then interyening space being filled with olay puddle to ^e neoesiary 
ittoreaaiTig to 28 feet on the sUl of the outer gat^ and through level. 

the entranoe into the river; the xnean fall of ddeat the mitranoe Below the entranoe-gate the oonorete wall ooonpiei the entire 
is 18 feet. space between the sheot-piling and the land^ties up to a level 

,i!hd top of the copings of the entrance imd entrance^look with the top of the latter, when it is redact in thickness to 
walk oorresponds with Sie level of the old river bank, which about 10 feet, and then oatried up vevtioi^. Xhe whaif wall 
proteots the marshlands in this locality from the oveifiojv of is finished off at the top in front by a stone ooping, 18 inches 
the tide ; and this is maintained at the height of 5 feet above thick, and 8 feet broad. 

Xnxuiy high-water mark. In oonseqnenoe of the London Clay forming an impervioiis 

The soil whioh was excavated for the formation of the docks foundation at a convenient depth under the gate platforms, it 
consists of a stratum of yellow and blue clays of various thick- was not necessary to use inverts, but ordmi^ brickwork, in 
nesses, altogether about from 5 to 6 feet deep, then a stratum level courses, was emplosred. A snBoient area for the respeoUve 
of peat from 5 to 12 feet thick, and then a bed of gravel lying platforms was laid bars down to the London Clay, and round 
npon the London Olay, the gravel varying from 7 to 10 feet in these areas a single row of elm sheet piles, 16 feet long, and 8 
dept^. The solid olay was thus found at an average depth of inches thick, was driven close to a depth of about 6 feet into 
87 feet below Trinily high-water mark, and 6 inches below this the solid olay, and within the areas so enclosed the briokwotk 
the briek-woxk of the gate-platforms was laid. of the platforms was laid — ^in the ease of the lower gates to a 

The side-walls of the look and entrance are throughout con- thickness of 8 feet 6 inches in that part of ths platform tra- 
strueted of cast-iron piUng and plates, backed with concrete, the versed by the gates, and of 9 feet 6 inches in the remaining 
only omissions being where the briokwork is inserted for the port ; whilst in the case of the upper gates, the thiokuoss of the 
gatM. The piling slopes 2 inches in the foot, and the oopings brickwork is 6 feet 6 inches under the gates, and 7 feet 6 
opposite the iron pilings are 91 feet apart. There is no slope inches in the remaining part. The great object in scouring a 
or batter given to the briokwork, and the walla are 80 feet perfect union between the briokwork and the olay is to prevent 
apart The dimensions of the look-chamber are, 326 feet 6 the water from getting under the platform and blowing up the 
inches long from gate to gate, 80 feet wide at bottom, with 10 brickwork ; the sheetpiling around effecting the same object 
feet depth of water on the sill at low water. The piled and with regard to the side-joints of the briokwork. Upon these 
oonorete walls recommence at the extremity of the brickwork admirably constructed platforms, the side-walls are carried up, 
whioh forms the sides for the entrance-gates, and is carried being built of briokwork 20 feet thick, except where the recesses 
forward for nearly 400 feet upon the left hand of the entrance, for the gates are loft. 

and 160 upon the right hand. We have in a former paper (No. The lock-chamber is oonneoted with the outer ohannel and 
YIIl.) alluded to ^e iron piling and plates employed at Bruns- the basin respectively by two oast-iron pipes, each 5 feet in 
wick Wharf, Blaokwodl. That employed at the entranoes and diameter, whioh form tho medium for the passage of the water 
look-ohamber of the Victoria Bocks is somewhat similar, and for filling and emptying the chamber. Near the middle of 
we will now enter into the details of its construction, as being a those pipes are placed tho paddles or sliding-plates for closing 
matter of great importance in marine engineering. The oast- tho passages. These paddles are of cast iron, laoed with brass, 
iron piling is formed in bays, whioh are 7 feet 1 inch from centre and are lifted and lowered by hydraulic power, 
to oentre of the main piles, the space intervening being filled for The gates, of whioh there are three pairs — via., two to either 
a distance of 15 feet from the top by three cast-iron plates, re- end of the look-chamber, and one in the jetty separating the 
tained laterally by the edges of the main pUes whioh stand in basin from tho main dock — ore construct^ almost entir^y of 
front of them ; the space below the plates being occupied by four wrought iron ; tho two former have each a span of 40 feet, and 
oast-iron sheet piles, on the top of whioh the lower plate rests, a height of 31 feet, and are very oonsiderably ourved, tho versed 
the lower edge of the plate being formed with a ^et, whioh sine of the arc formedby thorn when closed being 20 feet, or one- 
overlaps and hides the top of the piles, and holds them in their fourth of the span, ^e gates may in general terms be de- 
positiim. In Fig. 15 we give elevations and sections of the scribed as oonsWng of two skins of wrought iron, Mparatad 
plates and piles. The plates* are strengthened at the back by from one another by transverse plates, strengthened with angle* 
oroBB-feathers, a A a, and fit one into the other by overlaps as irons. Tho joints being riveted and water-tight, each gate 
seen at B b in tho section. The main piles (Fig. 16) are each in possesses a low specific g^vif^ in water. The onrvatnre of the 
two lengths, the bottom portion being 25 feet long, and 18 inner and outer skins is di&rent, the outer ourve being an 
inches v^e on the face. They are strengthened by two vertical aro of a circle having a radius of 50 f^, and the inner that of 
feathers or fianges (c o in the sMtion) at the back, 8 inches a circle whose radius is 59 feet 9| inches ; the result of this 
deep, 12 inches apart, and 2 inches thick. The upper pile is flatness in the inner curve being to make each gate thicker in 
12 feet 8 inches long, and 18 inches wide, and is similar in tho middle than the ends, ihe ends being 24 inohes apart bo- 

seotion, but lighter in make. The two fit one into the other, tween the skinS, and the middle 36 inohes apart. The sldns 

the top portion being oast with fish-pieoes, F F, for the purpose, ore kept apart by a series of hor^ontal |fiates, varying in 
and bolted together through the fish-plates. The ah^t piles vertical distance from each other, being nearer at the bottom, 
ore in one length of 20 feet, somewhat sinular in section, but and increasing in distance towards the top. The bottom plate 

famished with a lip, l (Fig, 17), on one side, to overlap the is three-quarters of an inch ^ok, and to it is secured the 

i^joiniog pile. In the rear of each main pile, and at a distance timber whioh meets the shutting-sill, the latter being of cast 
of 18 feet from it, a timber tie, 20 feet long, U driven to tho iron. The other plates are half an inch thick, and are con- 
same depth as the cast-iron pile. Through &e head of this tie neoted to the skins by T and angle irons. The interior 
two wroqght-uon rods, 2 inohee in diameter, are passed, and of the gate is further strengthened by vertical plates, v^oh 
eeonred by wasfaar-plates and unto. The lower tie-rod is con- pass oontinuonsly from the top to the bottom, intersecting 
neote^ witii the upper end of the bottom portion of the main each horieoBtal plate. There ere two of these vertical 
pile means of an eye-]>olt passed through the hole B (Fig. plates ia each gate, thus dividing the en^tire gate into three 
16) i and th« tipper tie-rod wi^ the upper portion of the vaJk nearly equal vertiosl divisions^, irrespective of the botiaontsl 
pale at diataaca of 8 feet above the other rod in a similar divisions. It is obvious, that by this arrangement tlm gate 
aiaimer thmughtimholeB'^^ The gmln i^les are driven fi feet becomea a stmeture of e xcee ding Nrtreagth, oombined with 
into the gravel, and the sheet pto 2 feet 6 ineto great IfghinsM; *nd the latge wpM which e rt e t e between 

v ^ Bshmn end t^ tlm ehennel was exon- the nxism diaphiagme permits df access to efil jmrts ^ 

tnisd^ a di^ of 27 feet 8, tadbes bfriow Tribod;^ hlglHniter interior lor cleanixig, repmag, etoi by me s ne el menrhries, 
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ooiiipwteieiii is piovided ivitii. Oorms also m ^ride, «id 32 imtai diaaowter, md, 1^ an infuiiima 
pxofidad lav tha nian-holes, and thus the veqidsite aaMnmt ol ment, can at any tivaa ha vemoTed lev vapaiva. Tha te^paitii 
irdght or powav U dotatbn is given to the by the intro- is also of oast iron» 4| iaxdias idda and 8 inches hi|di» harinn 


Bovsou mjjp. 




1 


£1g.l6. 


dnotion or withdrawal of water* The thickness of tiia dkin 
▼arias from ahont three-quarters of an inch at the bottom to 
three-eighths of an inch at the top. It consists of wrone^t- 
iron idatss, riveted together, the platea being placed verii* 
caijQji every Joint having a strip of iron bo& ontside and 
insids, to ensore its being thoroughly water-tight. Hie heel- 
and mitre-posts are of timber, strongly bolted to the vertiosl 
plates whkh form the ends of the gatee. Great oare had to 
be taken to prevent leekage into the gates through the bolt- 
holes. Tbs gates are turned by hydraolio power, appUed 
through the medium of a chain 
inch diameter, oommnnioating 
a mavimnm force equal to about 
7 tons per square inch of chain 
section. The ohains are attached 
to the gatee at a point 2 feet above 
low-water mark, passing through 
an eye-bolt having a aeoticmal 
diameter of 2i inches, with an 
attachment to both skins. 

The pivot-cross upon which each 
fate rests and turns consists of a 
strong cast-iron cross, each arm 
being 5 feet long from the centre, 
cast hollow upon the under side, 
and haring oak timbers 15 feet 
long fixed to each arm, the arms 
being securely fixed to the brick- 
work of the platform by 2-hich 
bolts, passing down through 8 feet 
of eolid brickwork into thick oast- 
iton plates embedded in it at that 
depth, whilst two of the arms of 
the oross are built upon by the 
side-wsU of the lock-chamber. The 
pivot itself is of cast-iron, 6 
inches long, and accurately turned 
to a diameter of 11 inches. 

The shuttmf>sill, which is of 
course curved to correspond with 
the inner curvature of the closed 
gatee, is composed of eight cast- 
iron segments. Its section is that 
of angle-iron, 2 inches thick, but 
varying in height and breadth 
from 12 inches and 18 inches in 
the centre to 21 inches and 27 
inches respectively at the ends. 

At the extmiitieB, the sill is bolted 
to the pivot-orosB. At every 2 
feet there is a bimk feather unit- 
ing the extremities of the angle, 
in order to strengtiien it Hie 
sill is bolted down to the brick- 
work by bolts passing up 
through it from a cast-iron plate 
laid in it at a d^p^ of 8 feet 
at the time of biding. The 
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Fig. 16. 


the seotloii of a bridge rs^ and bolted throng^ liLinoh wide 
timber to east-iron pli^ set in the brickwork. 

The anchor or supporting piece lor the upper pivot Of the 
gatee ie of cast iron, in the fm d a eextimt, being 11 feet from 
tile centre of the pivot to the outer oimre. It Ie bolted down to 
immenee bed-plates ol iron set 10 feet deep in brickwork 
cl the side-w^ The strap whidi secures the gate to 
casting is of wrought iron, 7 inches deep, end 2 i^hei thidk in 
the arms, but increasing to 5 inches near the centre, at the part 
which enffeni from the friction of the axis. Hiie axis is 18 
inches in diemeter, made of 
wrought iron, and riveted to a 
4-incih iron ^te on the top Of 
the gate. Hie strap is adjusted 
in the usual manner by keys. 

There is a slight differeuee in 
the sise of the lower gatee as 
oompared with the upper and 
inner gates, but they are all of 
substantially the same bharaoter 
in the mode of oonstmetion. Hie 
gates which enclose the look- 
chamber are worked by hydienlio 
power, which is not the case with 
the inner pair, the advantage of 
hydraulic power being seen from 
the fact tiiat the lo4&-gates oan 
be opened in 1| minutes; the 
latter have the eluioes in the gatee 
themselves, and not in the side- 
walls. 

Upon each of the five JettieB 
alluded to1n the early part of 
paper is oonstmeted a substantial 
warehouse, comprising an upper 
floor, a ground floor, and vaults, 
of nearly an acre each in extent, 
being 500 feet long and 80 feet 
broad ; and upon the space inter- 
vening between the roof of the 
warehouse and the edge of the 
jetty are placed hydraulic cranes, 
nine cranes to ea^ jetty. The 
most powerful crane npon each 
jetty is at the extremity, and is 
capable of lifting 5 tons; the 
others are 2-ton cranes. The 
side-walls of the jetties are ver- 
tical, and consist of cast-iron 
piles placed 7 feet apart from 
centre to centre, wi& 14-uufii 
brickwork, set in Boman cement, 

5*; ^ tfo-..— fille d in be twean the pito. 

— ^ * brickwork panels are inverted 

arches, the concave side towards 
the water, the inner surface being 
backed tet witb compete sad 
then with clay. Each east-iron 
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SHEET PILE 


ELEVATION. 
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bohs Me 2 ^ches and Ij^ inohea ^diameter, and each segment is ' pile is 36 feet long, and weighs If tons, and is ooimeeted with 
aemm oy ton of former and five of the latter. its corresponding or opposite, pile upon tiie o^er side of the jetty 

^ ^ poMtion of the loUer upon which a gate rests mus^ bo by two tie-bars of 2-inob round iron and 140 feet long, fi»d to 
detsrminM by a oonsidMatiim of the proportion of the weight the piles at 6 feet and 17 feet respectively below ^ he^ of the 
of the yt e » is mtonded to bear. If it be placed quite at .the pile; the piles enter tiie ground 4 feet below the bottom of the 
^ ufit^post— it is obvious dock. The foundations of the jetty walk are ol eonoreto, 8 feet 


timt the weladit of the gate is fakly divided between it and the 

pivot; andtiioneareritiBplaoedtothelattor,thegreatoriBtiie 

proportion d weight resting upon it, until when it lies in the 
intersection of tiie vertical planes passing through the centre of 
^ pivot and the centre of gravity of the gate, in which position 
It beers the entire weight of &e gate. If the gate were a 
draipM gate, tim xbUer would naturally be fixed lomewhire 
under the gate ; bntlntiie case of a curved gate, tl^ are other 
wonsidewdloas involved, and it has been fmA desirable to 
place it outside the enter curve. Hm roUgre iq»on whidh rest 

the gstoe we luive hten Ntoddng d aie d end 


thick, carried up one foot above the bottom d the dodk, and npon 
this the brickvwk is laid. Hie top edge d the wall is oovmd < 
wiUi a oast-iron piping, bolted down to the heads d the piles. 

The entire dock possesses It6 hydraoHo cranes, neoss- 
■ary pressure being obtained by two 30 horse-pewer steam- 
engines, oonsumhig on an avenge 17 tons decal per week. ' In 
order to convey the water-preasure from one side d the doek to 
the other, a culvert is ocostrueted under the entmnoe from t^ 
bsein to the lodk-bhamber, tonniaating at each tide in a wdl; 
in this culvert the water-phks are kid, the aane eolvert hetug 
made atiikhk lor telegreiui wtrii 
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MINING AND QUARBYINa--.X. 

BT GEOEOUB (ILABSTONB, F.C.S. 
lEON. 

BIFINING — FORM OF BBFIRERT — PROCESS — QtrALITT OF 
FINBR’S metal — ^PODDLINO — THE FtTENACE — PROCESS 
— QUALITY OF PUDDLED BALL. 

We have now to deal with some very important operationa for 
oonverting the crude iron into a malleable article, and to which . 
about two-thirds of ^ 

Jiningt and then pud- 



and back are movable, the iron plates of which they oousist 
being hung as folding doors. The floor of the hearth and the 
sloping piece e are protected by a coating of sand j and F is 
the running-out bed — a long, shallow mould made of iron. 

The fuel used in refining is either the purest coke that can 
be had, or else charcoal ; and the blast is supplied cold. The 
hearth is filled with coke, which is thrown in through tho door 
at tho back ; upon this about 20 to 22 owt. of pig-iron are laid ; 
and upon this again more coke is then heap^ up. Fire is 
^ ^ ^ doors 

G ^ subjected to the 
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^ limy 










dling. Tliere arc 
modifications of 
the - second, by 
some of which 
the first can bo 
dispensed with ; 
these are of recent 
introduction, and 
have-not yet alto- 
gether* superseded * 
the older plan. 

Refinwg. — The 
object of this pro- 
cess is to remove 
by oxidation the 
foreign ingre- 
dients which are 


oxidising influoiioe 
of tho air. In tho 
oonrse of another 
half - hour the 
furnace is ready 
for tapping, when 
the iron and 
cinder, or slag, 
flow out together 
into the ruiming- 
out bed; the lat- 
ter, being of 
lighter spooifio 
gravity, rises to 
the surface; and 
tho cooling is ex- 
pedited by throw- 


present in all crude iron, and which were shown in the preceding | ing cold water upon it. The application of the cold water not 
article to be deleterious to tbe metal. The refinery or running- only does this, but it facilitates the separation of the cinder, and 
out fire will best be understood by reference to the accompanying also renders the iron more brittle, a matter of some consideration, 
diagrams (Figs. 7 and 8), representing a sectional elevation and as it has to bo broken up into small pieces before being put into 
ground-plan of one of these fnmaoet. It will be seen to consist the puddling fipnaoe. 

of a flat hearth, A, with six water-twyers pointing into it. The The refin^ iron, or finer’s metel, is no longer grey, having 
walls of the hearth at the sides and back consist of three hollow parted with the greater part of its carbon ; it should now bo 
iron troughs, b, b, b, through which cold water is made to flow compact, and almost silvery in lustre. During the prooesa a 
continually ; the front wall being a solid iron plate, with a tap- portion of the carbon and the sulpha has been oxi^ed and 
hole, c, at the bottom of it. The uprights, D, D, in tho two dissipated by volatilisation, and tho silicon has oombin^ ^tb 
sides are made of iron, and support a chimney, but the front a portion of the iron, forming tbe cinder* Thus a white pig-iron^ 
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containing 1*27 per cent, of silicon and 0*93 per cent, of * 
sulphur, has yielded refined metal containing o^y 0*14 per 
cent, of the former and 0*52 per cent, of the latter. This gain 
in the quality of the iron is not attained without a considerable 
loss in weight, which varies from 10 to 17 per cent., though 
the iron and cinder together will exceed the weight of pigdron 
\operated upon. Thus a charge of crude iron of 2,498 lbs. will 
jyield 2,240 lbs. of refined metal and 825 lbs. of cinder, showing an 
increase of 67 lbs. duo to the absorption of oxygen, and to the 
taking up of some earthy matter from the fuel, and sand from 
the floor of the hearth, all of which must be looked for in the 
cinders, together with the iron which has been lost. An analysis 
(of which the following of the cinder from Dudley is a specimen) 
will confirm this. It contained — 


Protoxide of iron 

61-2 

Silica .... 

27*6 

Alumina .... 

4*0 

Phosphoric add 

. . . 7*2 


100*0 


This nnalysis also shows that the iron from which it oamo has 
also boon relieved from the presence of a large por-oentage of 
phosphorus. A slug containing so largo a quantity, of metallic 
iron is, of course, not wasted ; but is ro-smoltod or used for 
other purposes. 

Puddling . — The finor’s metal now passes into the hands of 
the i)uddlor, who employs another furnace of special construc- 
tion. It is made upon the reverberatory principle, as shown in 
Figs. 9 and 10, which represent a hand puddling furnace 
of modern typo, in ground-plan and elevation. It will bo 
seen to consist of a fire-place, a, with a hearth, b, and flue, c, 
separated by the bridges D and E. The fuel is put into the fire- 
place tlirough the aperture r, and the iron into the hearth by 
the larger one at o. This is closed by an iron door lined with 
fire-brick, which can be raised at pleasure by a lover and chain; 
and the top of the flue is provided with a dampor which can be 
regulated in the same manner. Through a small opening in the 
lower part of the door a, the puddler introduces his long iron 
bars (the rabble and the puddle) with which ho manipulates the 
iron. The former is a wrought-iron bar, about 8 feet long, 
rounded at the end held by the puddlor, with a piece of flat iron 
24 inches brood, and set at right angles with the rod, at the 
other. The puddle is rather lighter, with a bevelled edge at 
the end, like a dull chisel. In this furnace the sides of the 
hearth, as shown at E and d, are mode of hollow iron tubes, 
through which a stream of water is made to pass to keep them 
•Oool. The bottom of the hearth is now always mode of plates 
of oast iron, on tiio under side of which the air is allowed to 
oiroulato freely, with the same object. Tho floor and sides 
of tho hearth arc covered with a bed of cinder called “ bull- 
dog,** cither from previous puddlings or from the refinery, and 
plastered over with a paste or “fettling” made of red 
hmmatite or other oxide of iron. Immediately below o is a 
smaller oi>oning ooimeoting with tho hearth, which is culled the 
tap-hole. The furnace being quite separated from the hearth 
by the bridge, coal is generally used as tho source of heat. 

Tho operation of puddling, called by tho workmen ” a heat,** 
occupies from au hour to on hour and a half. About 4} to 5 
owt. of iron are puddled at each heat. Sometimes refined metal 
is used alone, tliat is, when the best qualities of iron are to be 
produced ; at other times it is mixed ii) variable proportions 
with ordinary pig-iron. Some hammer-slag or mill-scale is 
added, which is all tho better if it has become a little rusty, 
the object of it being to supply an additional quantity of 
oxygen. The refined and pig-iron having been broken up into 
sxmdl pieces, is piled up round the sides of the hearth; the fire 
is got up to its full heat by raising the dampor, and it is left 
for about twenty minutes. By that time the iron is just begin- 
ning to melt, and tho furnace from this time onwards requires 
the oonatont attendance of the puddler and his assistant. The 
temperature of the fumaoe has tb be oarefuUy attended to ; and 
the iron has to be continually stirred and worked with the 
rabble, so as to bring all parts of the charge to an equally pasty 
eonditlou. This occupies about a quarter of an hour, during 
which the damper is regulated so as to prevent the iron from 
becoming too fluid, when the “boiling** oomm^oes, and a full 
heat is again supplied. This apparent ebullition is due to the 
combination of the carbon in the iron with the oxygen supplied 


by the hammer-slag or scale, and formation of carbonic oxide, 
which is volatilised, and causes the iron to swell up in its efforts 
to escape. Stirring is kept up continually — ^the boiling gra- 
dually ceases, and presently the puddler flnds the iron beginning 
to “ come to nature,** indicative of the process being complete. 
This is known by the iron becoming sticky and working heavy^ 
the cinder separating from it in a very liquid state. Any 
further oxidation of the iron must now be checked, or a loss of 
metal would be the result, and the damper is therefore let down. 
The puddler lias now to work up the iron into balls of about 
80 pounds each, which are withdrawn from the furnace as 
soon as made. Tho cinder is finally allowed to run out at 
the tap-hole. 

The effect of the paddling is still farther to remove the 
carbon, silicon, sulphur, phosphorus, and other impurities of the 
pig-iron ; tho tap-cindor drawn from the puddling fumaoe 
being very similar in its composition to that which comes off in 
the refinery. When the raw pig-iron is puddled the quantity of 
cinder produced is inconveniently large, and if none but re^ed 
metal be used, the want of a little is sometimes felt ; a mixture 
of the two generally works very well. In order to ascertain 
with more precision the nature of the chemical action during 
tho puddling, experimonts have been made by drawing samples 
at different stages of tho process, and analysing the metaL 
*1116 pig-iron operated upon was composed of tho following :-~- 


Carbon 

. . 2*275 

Silicon 

2*720 

PbospboruB 

0*645 

Sulphur .... 

0*801 

Manganese and aluminium 

traces 

Iron .... 

94*059 

100*000 


The first sample was drawn forty minutes after it had been put 
into the puddling furnace, and was analysed for tho carbon and 
silicon ; tho succeeding samples were drawn at various intervals, 
and similarly analysed, the whole series being as under : — 

40 minutes, 2726 per cent, carbon, 0*915 per cent, silicon. 


60 


2*905 

>» 


0*197 

65 


2*444 



0*194 

80 


2*305 



0*182 

95 


1*047 



0*183 

100 


1*206 



0*163 

105 


0*963 



0*163 

110 


0*772 



0*168 


at which time the puddling was oomplete. It will be seen that 
nearly all the silicon is driven off at an early stage of the pro- 
cess, but that for some unexplained cause there is during this 
same period an actual increase in the quantity of carbon ; the 
final result, however, is that the puddled ball only retains about 
one-third of tho quantity oontained in the iron at the commence- 
ment of tho operation. Tho increase of oarbon at the earlier 
stages has been observed by other experimenters. The greater 
part of tho phosphorus and a little of the sulphur pass into 
tho cinder, as will be seen by the following analysis of the 
tap-oinder resulting from the experimental operation detailed 
above : — 


SUica 

16*53 

Protoxide of iron 

66*28 

Sulphide of iron 

6*80 

Phospborio acid 

3*80 

Protoxide of manganese 

4*90 

Abimina , . 

1*04 

Ifime • 

0*70 


100*00 


The operation of pnddling as ordinarily conducted is a somo^ 
what expensive one, as the fumaoe itself only lasts id>oat she 
months, even when repaired weekly ; and a large number at tiiese 
are required, 25 tons per week being the maximum ontput of 
each fumaoe. The consumption of o^ is about equal in weight 
to the iron produced ; and there is an average loss in weight 
daring the process of about 10 per cent, of metaL In addition 
to this the cost of labour is high, as the work of the puddler 
and his assistant is exceedingly oevere : the prospect of very 
high wages is consequently neoeseaiy in order to indnoe men to 
learn the art, eepeoif^y as it is one In whh^ piofiaiency is only 
acquired after lo^ praotide. 
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Before ooneidering the treatment to which the paddled balls 
are snbjeoted to oonvert them into bars, one or two other plans 
of producing them must be described, which will be talcen up in 
the next article. 


OPTICAL INSTKUMENTS.-^XI. 

BY SAMUBL mOHLBT, P.O.S., BTC. 

LAKTEBN DEMONSTRATIONS {cmtinuid). 

In Uteratwret the memory may be assisted, by corresponding 
illustrations, to recall types of the peculiarities of style of that 
** best of all good company,” the great writers of all ages. Thus 
many ** half hours with the best authors ” might be advan- 
tageously spent in the school-room ; and where poetry has been 
set to music, the notes of the tune might be projected on the 
screen, so that a large class may join in unison. 

Mas^o lantern slides in the ordinary way are kept in boxes, 
but I regard this as great waste of educational material If 
the slides represent natural history subjects, they should be 
placed in the museum-cases beside allied objects for every-day i 
inspection, care being taken to fix them at such an angle, that 
light is reflected through them by aid of white paper placed 
beneath ; or by mounting the slides in long frames, backed with 
ground glass, they may serve as appropriate borders to the 
windows of any scientific or educationfd institution. 

The advantages claimed for lantern demonstrations are 
that the most important optical laws, together with many 
other physical experiments, con by their moans be strikingly 
illustrated, and by the employment of photographically 
produced slides, a wide range of subjects can be pictorially 
illustrated on a large scale, in a cheap and efficient manner ; 
that such delineations are tmthfnl to Nature and abound in 
detail, to an extent ordinary hand-painted diagrams cannot 
compete with; that when taken direct from Nature or from 
artistic productions, correct as to the rendering of light and 
shade, the large and impressive image when projected on the 
screen stands forth with perfect stereoscopic effisot, so tha£ the 
lecturer is enabled to fix the attention of his audience upon the 
subject he is describing in a manner not attainable with the 
ordinary tiers of small paper diagrams, over which the eyes of 
students too often listlessly wander, while from the magnitude 
of these lantern pictures, the most microscopical details can bo 
made distinctly ffisoemible even in the largest lecture-hall ; that 
by thus appealing to the eye, or ” sight knowledge,” we do the 
next best thing to showing the objects of the discourse them- 
selves, and so establish a system of artificial memory, by aid of 
which we can teach many subjects quicker and better than the 
most impressive verbal description, unillustratedf could ever 
attain to, and in a manner not so likely to pass out of mind, a 
matter of the greatest consequence when a wider range of know- 
ledge is expected from educated people at the present day; 
that the educational value of such coloured transparent dia- 
grams need not cease with their exhibition in the lecture-room, 
for they may be used as museum specimens or window decora- 
tions. In conclusion, I would say, it is desirable that every 
exploring expedition should be accompanied by its official pho- 
tographer ; l^at every national museum, hospital, and astrono- 
mical observatory should have its appointed photographic 
operator; and then the hoped-for time may come, when we can, 
in systezhatio manner, pla^ the records of scientific travel, the 
transcripts of Nature's treasures, mementoes of fell disease, and 
the self -depicted aspect of the heavens, upon the screens of our 
lecture th^tres, so that we may take our students over the 
world, or into the depths of space. 

SOUBCES OF LIGHT. 

The means of securing a beam of light of various degrees of 
intensity, sise, and phyidcal properties, is not only essential to 
the optical experimenter and demonstrator, but also to the 
operator in several branches of trade. First in rank, as to 
intensity and physical power, stands sunlight ; then in order, 
the electric li^t, the lime-light, the magnesium and zinc lights ; 
t^ Argand lamps fed with petroleum, paraffine, ozokerite, 
oils, and gas impregnated with hydro-oarlten vapours, ohloro- 
ohromio acid, bisulphide of carbon, magnesium, ethyl, etc., 
down to candies and the artificial star. 

I shall proceed to describe a type of these several sources of 
light, always selecting what, to the best of my judgment and 


experience, I consider the simplest and best arrangement; as 
much may be attained in the construction of philosophioal 
instruments by the simplification of ports. 

The Solar Hector. — This arrangement enables us to reflect 
the solar ray into any apparatus or room, suitably situated, 
which we wish to illuminate with a powerful beam of light, 
and to keep the rays on a fixed spot. To the photographer thi < 
arrangement is invaluable for the production of ** enlargements 
from small negatives of portraits, landscapes, etc., as no known 
light is BO photographically energetic as that derived from the 
sun. By experimentalists, and those engaged in teaching 
science, much may be done with the solar reflector, where the 
trouble and expense of employing artificial sources of light of 
great intensity would be regarded as a drawback to frequent 
work. Its construction involves two adjustments, one of incli- 
nation, the other of rotation, so that the sun may bo followed 
in its course, and that its rays may be reflected constantly in 
one direction. 

Some years ago this arrangement was much used for micro- 
scopic demonstration, but the lime-light and olootric lantern 
rendered its use, to a great extent, obsolete ; and its resuscita- 
tion is due to photographic requirements, for while the latter 
sources of light can be brought into play at any desired moment, 
the solar reflector can only be employed when the sun shines, 
a matter of great uncertainty in Britain. 

The old-fashioned arrangement is shown in Fig. 31. A 
clamped board, the size of a suitably situated window, is 
rabbeted to fit the frame closely, so as to exclude all light at 
the edges, and is kept in place by thumb-screws or wedges. 
In the centre a round hole is cut, of a size proportionate to the 
apparatus to be used, which is screwed into a flange attached 
to the inner or room side of the board. To the outer side of 
the carrier-board a disc of wood or metal is attached by a suit- 
able counter-sunk fitting to the central aperture; this disc 
carries on projecting arms a long narrow glass reflector. This 
disc can be rotated from inside the room by means of a handle 
that works through a curved slot in the carrier-board, by which 
motion the mirror can be made to follow the course of the sun, 
while the proper inclination is given by moans of an endless 
screw working on a racked wheel attached to the axis of the 
mirror. Some practice is required to keep the beam central, or 
in one constant direction, as by this arrangement there is a 
tendency for the mirror to move in jerks. To obviate thi^ 
defect it is better to effect the rotation by moans of a pinion 
acting on a racked flange (that takes the place of the counter- 
sunk fitting) connected with the outer disc. The pinion may 
bo turned by a large milled liead, or by a lever arm that fits the 
pinion by a square key-head, by which a more equable motion 
is securod. 

A simpler, cheaper, and better reflector may be thus con- 
structed, and is shown in Fig. 32. A carrier-board, B u B, has 
a rabbet out round its edges, by which it is fitted light-tight to 
a window-frame. About the middle of this board a rotmd 
aperture is cut to admit the reflected light into the operating- 
room, and on the inner side of this a brass flange, //, is fitted, 
into which the condenser, or other apparatus, can be screwed. 
Below this nT)ort.u>*e a rotating brass arm, R, fits with a smooth 
and even action (by aid of a clamp, c), on to which the minor 
elevator (or depressor), B, is hinged at H. This elevator is a 
square brass arm, from which projects, at a right angle, a curved 
limb, pressing against a stout screw, s, that works through the 
axis of the rotating arm b ; and it will be seen that as the 
screw B is turned outwards or inwards, so the arm B will be 
raised or depressed. The mirror m is fitted in a metal frame, 
and can bo fixed to the arm b by means of a binding-screw, «, 
fixed to the back of the mirror-frame. The rotation of the 
mirror is effected by a long lever arm, L, that fits by a square 
key-head on to the rotating arm b. This arrangement allows of 
several mirrors being used for various purposes — ^viz., on 
ordinary, ipirror of thin glass silvered at the back, or a speculum 
made by depositing silter by the procosBos of Liebig end 
Petitjean on a smrface of gloss worked parallel, or a black 
mirror, made by roughing the back with emery, and then coat- 
ing it with osphalto varnish, to which a portion of india-rubber 
dissolved in benzole (to give elasticity and prevent cracking) 
has been added. Such a mirror gives a clear, bright image 
of the sun, and light enough for most experiments, and when 
^ set at the proper angle gives a beam of polarised light; 
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or wbon a powerful beam of polarised light is required, the 
mirror may be composed of several sheets of thin, even glass 
placed one over the other, forming what is technically termed 
a ** polarising bundle;*’ or when a soft %ht is required, as 
in photo-micrography, a “white cloud” mirror may be em- 
ployed, which is made of a sheet of opal glass, in some oases the 
rough surface, in other oases the polished or plate-glass side 
being placed uppermost to reflect the light. These mirrors 
must be made long in propor- 
tion to the diameter of the con- 
denser employed, and somowliat 

1 may here state that it is 
better to mount any necessary 

dent of tlie reflector and its con- 1^!. W / 
denser, so that should the latter 1 

manner to threaten the result of 

can at once bo isolated by inter- 
posing a screen; and it also 

and getting to the several com- 
ponent parts of any oomplioated arrangement of apparatus. 

The Ucliostat . — In the instrument above described all the 
adjustments ore mode by hand, and where the experiments are 
iiitormittont they answer the purpose, for a practised operator 
can keep the light central with the axis of any optical arrange- 
ment sufficiently long for such purposes ; but when it is neces- 
sary to keep the cone of light (concentrated by a condensing lens 
from the reflecting mirror) absolutely central for a lengthened 
period on a fixed spot or direction — as for certain astronomical 
purposes, delicate 
physical invostiga' 
tions, and photo- 
graphic enlargements 
— then the requisite 
adjustments must be v 
produced autoniati- 
oally (self-acting). To 
effect this, motion is 
imparted by a “ driv- 
ing clock,” so that 

the axes of the several 

parts of tlie adjustable """ 

mirror may, for twelve 

or twenty-four hours, 
turn with a determined 
velocity ; and definite 
positions are assigned 
to the component 
parts of the arrange- 
ment, which are de- -v 

duoed from the same i 

laws that regulate the 
motion of the earth 
about its axis. Such 
instruments ore called 
“ heliostats.” 

The sun, as we 
know, follows a path 

which varies incessantly in different countries and at different 
periods of the year ; a perfect heliostat ought, therefore, to be 
adjustable for all latitudes and for all seasons, and then slowly 
move in such a way as to make allowance for the apparent 
motion of the snn, and reflect the light received from it in any 
direction whatsoever at the will of the operator, and for as long 
a period as he may desire. The oontingenoies of this problem 
are met in the exqnisite arrangement of Silbermann, but his 
heliostat is more oomplioated and costly than is necessary for 
most praotioal requirements ; as a heliostat is generally used in 
a fixed locality, and the reflected beam is osnally required in a 
horisontal direction, oonsequontly adjustments for varying laU- 
tttdes may be dispensed with, and the arrangements for inoUita- 


tionand centreing greatly simpUfled. The two most useful heHo- 
stats for practical purposes are those of Fahrenheit, as modified by 
Monokhoven, where a large beam of light is required, say from 
eight to nineteen inches in diameter, and which can he used as 
well on the 2l8t of December — ^the time at which the sun, in this 
part of the world, is at its lowest — os on the 21st of June, when 
the sun is at its highest; and the arrangement of Colonel 
. Woodward, as modified by Dr. Maddox, where a small beam 

only is required for refined expe- 
riments and operations. 

The following description is 
pven by Dr. Van Monokhoven, 
Fig. 31. in his treatise on “ Photographic 

Optics : ” — 

“ The N (Fig. 33) is of 
turned and polished iron. It is 
supported on three screws, one 
Mm fljn of which is seen at o, and 

presents at its centre a conical 
^iiiw fitting, about which turns the 
piece L M, capable of being made 
fast to it by tightening the 
screw a. This table is rendered 
horizontal by means of a good 
spirit-leveL 

“The support, jklh, is of 
iron. The arc, js, necessary 
for the adjustment for latitude, is movable, but is ^ed by the 
maker to the latitude for which the instrument is required. No 
attempt, therefore, must ever be mode to disturb the setting, j K. 

“ To the piece j K l M is fixed the arm-rest in which the axis A 
turns, as the figure suffioiontly explains. 

“ The axis, A, is of steel, fixed by a screw to the arm-rest, p q, 
and rests upon the brass screw, B, which serves to bring the 
several pieces into position. The screw B is made fast by a side- 
screw. The parts of the axis touching the bearings must be 
* always well lubri- 

cated with a mixture 
of paraffine and oil. 
“The toothed 
M circle, c, is fastened 

. ^ to the axis by a screw, 

of which the thread 

H runs the reverse way, 
so that it may not 
S 1 get loose by the roto- 

- tory movement of the 

8,xis. This screw also 

^ ^ securely fastened. 

^ 1 r wheel c is divided 

i: into 360 teeth, and 

testfe " must be kept clean by 

means of a brush 
b ^ — passed over it every 

h & Ji day in the direction 

of the length of its 

^ “The horary oirolo, 

^ ^ 1 ^ D, is divided into hours 

k ^ I L six in the mom- 

g ing to six in the even- 

g ing, then into parts of 

g twenty minutes each, 

g , and^ lastly, into others 

of four minutes each, 
and is fixed on the axis by on hexagonal nut, which can be 
tightened by the hand. The index, x, slightly movable, serves 
to indicate the time on the horary circle, and ha«, for this 
object, a line engraved with a diamond on ita upper part. 

“ The collar, i, works in a groove cut in the axis, A, and can 
be made one piece with the axis by tightening, or be loft to 
tom freely about the axis by loosening the screw i, which must be 
handled gently, and never screwed up very tight. This collar 
terminates at ite lower part in a rod, constantly pressed towards 
the letter j by a spiral spring. A screw, j, therefore, fixed in 
an arm-rest, which is attadied to the immovable part of the 
heliostat, and which also carries the spiral spring, enables the 
' ooUar to be moved in one direction or the other <and oonsa- 
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qnently the if the screw i is fast) by Tory smell degrees by the key h; it goes ten hours, and oornmnnioatos its motion to 

at a time. the wheel o by its pinion h. 

** The arm>rest, p q, is of iron. At one end it carries a counter- ** The clock-work is fixed to the immoyable port of the helio* 
poise, Q, which serves to balance it about the axis A ; and at stat by four screws, but by slightly loosening the two inferior 
the other an index, p, and an adjusting screw, t u, of which we screws and lowering the clock-work, the pinion H ie thrown out 
shall speak presently. of gear. The pinion H can at pleasure be put in or thrown 

“ The mirror, 8 a, is octagonal, of finely silvered glass. It is out of gear with the clock-work by tightening or opening the 
mounted in a frame of polished ebony, and has at its two nut h. If it is unscrewed, the axis, a, can be slowly turned, 
extremitieB two pivots of polished brass of exactly the same and then the pinion is seen to revolve rapidly. If it is screwed 
diameter, and with their imaginary axis passing through the ■■ up, the clock-work immediately acts on the toothed wheel c, so 
reflecting surface of the mirror, and at right angles to the j as to make it perform a complete revolution in twenty-four hours, 
index, x z, and to the axis, A. These pivots revolve on the arm- Keep the open part of the box under the key, 6, covered by a 
rest, P Q, on Y-shaped bearings, and are kept in place by plates brass plate, to prevent dust from getting into the clock, 
of brass. Mmiagemcnt of the Heliostat — Wind up the clock-work, 


“ The declination-circle, p, is fixed on one of the pivots, and | loosen the screws v, i, h, take hold of the mirror at r, and give 
divided to half degrees. When the zero of the graduation is j it its proper direction, about which we shall speak presently ; 
brought opposite the index, the surface of the mirror is exactly ; when tliis is very nearly effected, tighten the screws v and i, 
perpendicular to the and oiljiwt the mirror 

axis A-— an adjustment ^ to ^ t 

w^h'^m^st never be \ Jr position; then imme- 

^eranged in dismount- ^ ~ closo^ho nut H, 

single Une^ ^ththo^s^^^ 

ever, to be well prac- ^ “Having thus ren- 

tised in reading the dered the mirror quite 

drole, or better still, to get assistanoe from some one acous- horizontal, see if the lino xii of the horary circle D is qmte in 
tomed to this kind of readings, whioh besides requires to be ! juxtaposition with tho line marked on the index e, and if it is 
done but once for all. 1 not so, move the indhx and the circle P cautiously, so that 

“The bar, u t, consists of a slide-rod, capable of forming one j these two lines become a prolongation one of tho other, but 
piece with the mirror by tightening the screw v. An adjusting i without allowing tho index E te touch the circle D, otherwise a 
screw, T, attached to the arm p q, allows, when the screw v is j displacement of this index might take place in turning the 
fast, of tho mirror being moved very small distances at a time. ; axis a. Now loosen the screws v and i. 

“ The two sights, x, z, arc squares of brass plate, placed at the { “ Find out from an astronomical almanack tho declination of 

sides of the wooden mounting of the mirror, each being pierced ! the sun on the day on which you are working, and, taking the 






by a small hole. Further, the sight x bears on ita surface, mirror in the right hand at B, communicate to it such a motion 
facing the opposite sight, two lines perpendicular to each other, as to very nearly bring tho indicated degree of the circle p 
traced with a diamond, one being parallel to the surface of the opposite the index. Tighten the screw v, and turn tho screw T 
mirror. i until tho index exactly marks the declination of the Sun at ttie 


“ When the sights, x, z, are brought in a lino with the sun, a 
thread of sunlight is seen proceeding from the aperture in the 
^ht z, and falling on that of the s^ht x, where it forms an 
image of the sun. In performing this operation we are guided 
by the shaddw of the sight z, whioh onght to fall parallel to the 
wooden mounting of the mirror. The hand shonld be held 
behind the sight x, in order to bring the shadow of the other 
sight more ombIj upon the first. 

“ The eloek-work is enclosed in a brass box, a, and is wound up 


time. 

“ Taldtig now the mirror in the hand at b, and noting on your 
watch the (rue tinte,* make the index indicate this time on tho 

• " The true or apparent time is the time marked by the sun-dial, and 
not the time marked by the ordinary clock, which la mean time. The 
difibrenoe between the mean time and the true time ooxistltutes the 
eqvMtum of time. 

*• To set a heliostat wall, a knowledge of tho exact time (to 1 
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circle d, by communicating a rotatory motion to the axic A. 
When this is very nearly effected, lot go the mirror and tighten 
the screw I. Then turn the entire instrument round on its 
pivot a — taking it by the screw B, and without stirring the 
table N~-until you see the thread of solar rays emerging from 
the aperture of the sight z, and falling on the centre of the 
sight X. Then tighten the screw a, and the heliostat is set. 

“ If now, in succession, you open the screw i, and close the 
screw H, you will see the image of the sun remain motionless 
for hours together at the centre of the sight x, and it is only 
when this is the cose that the heliostat is accurately set. It 
must never bo made use of until its working has been thus 
verified. When the heliostat is set, the table N and the pieoes 
L M, K j, J M being left in position, all the other ports may be 
dismounted and taken away. To do this, open the nuts which 
hold the circles o and v ; lower the clock-work ; open the collar 
I, by removing the screws which close it round the axis ; and 
open and remove the upper half of the bearing in which the 
upper part of the axis works. The mirror, the arm-rest, and 
the axis can then bo removed, without the heliostat having to ^ 
be re-set when they are replaced. j 

** There are three ways of setting up the heliostat in con- 
nection with other apparatus. 

“ 1. The most simple consists in inclining the accessory 
apparatus so that its optical axis coincides with the axis of the 
heliostat. 

2. The second consists in rendering the reflected rays 
horisontal by means of a second mirror, and in any direction 
whatever. 

** 3. The third in rendering the reflected solar rays horizontal 
by a mirror inclined at 45° to the axis of the heliostat, in such 
a way as to reflect them from the east to the west, or from the 
west to the oast.** 

The mutual adjustment of heliostat and apparatus employed 
is thus effected : — 

Firstly, it is placed in a direction from south to north (the 
heliostat to the south), and in doing this the place of the sun at 
the true noon-time is the guide. Having levelled the heliostat, 
suspend a plumb-line in front of the combined apparatus, plunge 
its weight in a bucket of water to keep the line steady, and in 
such a position that the lino stands but a short distance from 
the screw b of the heliostat. Having set a watch (as described 
in the previous foot-note) to the true time, at the true noon time 
precisely, move the entire instrument from left to right or from 
right to loft, so that tho shadow of the plumb-line divides tho 
screw B, the circle D, tho axis A, and the accessory apparatus 
into two exactly equal parts. The entire apparatus is then in 
a^xutment if the image of tho sun appears os a fixed spot. 


minute) is Indiopensablo, and should be carefully attended to. Through- 
out the Uuited Kingdom, at all railway stations, Greenwich mean time 
Is always adopted for civil convenience, although obviously that time 
does not truly indicate mean time in other localities situated east or 
west of Greenwich. In any place, therefore, where a heliostat is to be 
arranged for the day, it will bo very easy to calculate the tru« or 
apparent time by the following data 

** 1. The exact longitude of the spot to within fifteen seconds must 
be aoouxatdy ascertained. This can easily be got from the Ordnance 
maps. 

*'2. Greenwich m«on time must be known, and this, to within a few 
secouds, can be ascertained at the nearest railway station. 

**8. An astronomical almanack (Biotriohsen and Hannay's is very 
convenient and cheap), containing the equation of time, deoUnation of the 
tun, etc., for every day of the year, is required. 

** With these data known, suppose it is wished to arrange a properly 
est-up hefiostat at Liverpool for a day’s work, say at nine o'clock on 
the 1st of October, 1867. The longitude of Liverpool is three degrees 
west of Greenwich } the true time at that place is, therefore, exactly 
twelve minutes later than London time. First ascertain accurately 
nine o*clook by Greenwich mean time, deduct from that twelve minutes 
for difference of west longitude, then turn to the almanack for the 
aquation of time for that day, which happens to show minus ten 
minutes fourteen seconds. In other words, the sun is faster, or 
passes the meridian sooner than the mean time indicates. This 
difference must therefore be added to the mson in order to get the 
true time. Thus, 0 hrs. — 12 min. + 10 min. 14 sec.«8 hrs. 58* 14^', 
which is the time at which the horary circle of the heliostat is to be 
set for that day at Liverpool. And so for any other place, taking 
care, however, to note that a divergence from Greenwich toe must be 
eddsd when the place ia east longitude, and that every 15'’ of longitude 
is equivalent to one minute of tiaas. 


SEATS OF INDUSTRY.— XIIL 

NOTTINGHAM. 

BY WILLIAH WATT WEBSTEB. 

On the banks of the Leen, about three-quarters of a mile from 
its junction with the Trent, stands Nottingham, the capital of 
Nottinghamshire, the chief seat of the bobbin-net and laoo 
manufactures of England, and one of the principal centres of 
the English hosiery trade. This important manufacturing town 
occupies a very picturesque and romantic position near the 
south-western extremity of what was formerly Sherwood Forest, 
the head-quarters of ^bin Hood and his band, but is now a 
cultivated district. It is built partly at the foot and partly on 
the broken and occasionally steep declivities of a red sandstone 
rook, rising 133 feet above the level of the surrounding meadows, 
and overlooking the valley of the Trent. The origin of the 
town is hid in obscurity, but it is believed that the site it occu- 
pies was a favourite resort of the Druids, and that the nume- 
rous oavems and vaults with which the rook is perforated 
were hollowed out by them. The Saxons called the place 
Snotenagaham or Snottingaham, and from this word, whioli 
signifies a retreat in rooks, the name Nottingham was doubtless 
derived. During the Saxon Heptarchy Nottingham belonged 
to the kingdom of Mercia ; and after the Heptarchy terminated 
in 828 A.D., it was a Danish borough. In the reigrn of Ethelred I. 

I there was a fortress on the rook ; and in the time of his suc- 
cessor, Alfred the Great, the town had become of sufficient 
impor^noe to give its name to the county. Ancient records 
mention that the Danes received a check from the town of 
Nottingham, and that they were defeated by Alfred in a groat 
battle fought in the neighbourhood. Nottingham was ^st 
walled in by Edward the Elder in the beginning of the tenth 
century ; and at tho time of the Norman Conquest, as appears 
from ^e Domesday Survey, it contained 120 dwelling-houses. 
William Peveril, tho natured son of William the Conqueror, 
built a castle on the summit of the rook, for the purpose, it is 
understood, of overawing and repressing the outlaws, who sought 
shelter in to old forest. 

Nottingham claims to be a borough by prescription, but it 
received charters from Henry II., and many subsequent 
monarohs. Edward I., in to year 1284, granted it the privi- 
lege of sending two members to Parliament; and Henry VI. con- 
stituted to town a county by itself. In tho reign of Edward HI. 
— “to greatest of to Plantagenets * '—several Parliaments 
sat at Nottingham, in one of which laws relating to the settle- 
ment of Flemish artisans in England were passed. During the 
Wars of the Boses Nottingham was the principal rendezvous 
for the troops of Edward IV. and Biohard III., and it was from 
this town that the latter marched to the fa^ battle of Bos- 
worth Field. Charles I. selected Nottingham as to spot where 
he forxnidly erected his standard against to Parliament ; but the 
inhabitants of the town being warmly attaohed to to Bepublioau 
cause, he was soon after compelled to evacuate to town and 
castle, which fell into the possession of to Parliamentary forces. 
Being attacked by the Boyalists at a later period, the castle, gal- 
lantly defended by Colonel Hutchinson, a native of Nottingham, 
successfully resisted a prolonged and determined siege ; but 
when to civil war was over, it was dismantled by the Pfoteotor. 
Subsequently it was pulled down; and in 1674, William Caven- 
dish, Duke of Newcastle, erected on to site a mansion resem- 
bling a castle only in size and name, which was destroyed by a 
body of rioters in a disturbance that took place in 1831, osten- 
sibly as a protest the rejection of the Beform Bill by the 

Honse of Lords. The castle has since been restored for the 
purposes of a Fine- Arts Museum. 

liie modem industrial history of Nottingham may be said to 
date from the invention <and introduction of to stocking-frame, 
which was adopted at nearly the same time by the manufac- 
turers of Nottingham and Leicester. The art of weaving stock- 
ings out of worsted, silk, and other materiale, was discovered in 
Scotland, and it was improved upon in France and Spain, before 
it came to be generally practised in England. Previous to this to 
stockings worn were simply tight-fitting trouser-legs or gaiters, 
with feet attaohed to tom. A passage in Stubbes*B Anatomy 
of Abuses," published in 1596, enables us to fix to date when 
the knitted stocking began to supplant to cloth one. “ Tliey 
have nether-stocks," says to autor cf this work, referring to 
to fppe of to period, “ not of doth, though never so fine,(or 
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that ia thought too base, but of worsted, silk, thread, and such 
like, or else, at the least, of the finest yarn that pan bo got, 
and so ooriously knit, with open seam down the leg, with quirks 
and olooks about the ankles, and sometimes haply interlaoed 
about the ankles with gold or silver threads, as is wonderful to 
behold. And to such impudent insolency and shameful outrage 
is it now grown, that every one almost, tliough otherwise very 
poor, having soaroe forty shillings wages by the year, will not 
stiok to have two or three pair of these silk nether-stooks, or 
else of the finest yam that may be got, though the prioe of them 
be twenty shillings or more, as commonly it is. The time hath 
been,” adds thm enemy of luxury and expense, when one might 
have clothed all his body well, from top to toe, for loss than a 
pair of these nether-stooka will cost.’* 

But an improvement had already been effected in the method 
of lotted stockings that was destined to reduce the 

cost of their production, and bring them into universal use. Ten 
years before Stubbes denounced '^e luxury of ” nethor-stooks,” 
William Lee, a native of Woodburgh in Nottinghamshire, and 
a graduate of St. John’s College, Cambridge, was appointed 
curate of Oalverton, a parish near the place of his biHh ; and 
in 1589, this country clergyman had in operation a stocking- 
frame, consisting of a row of knitting-needles kept going by a 
treadle, which i^uoed stockings far more quickly than they 
could ^ woven by hand. Lee’s machine has, of course, been 
greatly improved upon ; but all the machinery now in use for 
the manu^ture of knitted hosiery is worked upon the same 
principle. In connection with this important invention two 
romantic stories are told, which although not properly authenti- 
cated, may nevertheless contain some portion of truth. Accord- 
ing to one of these accounts, Lee, while a student, courted 
a pretty country lass, who inade her livelihood by knitting 
stockings. Being annoyed at finding her so engrossed in her 
occupation as to be unable to attend to his love-making, Lee 
sought some means of simplifying her labours, and securing her 
more leisure to walk and talk with him — ^the stocking-frame 
being the result. The other story is still more romantic, but 
not less probable. It is said that, after leaving college, Lee 
forfeited his fellowship by marrying the stocking-knitter, and 
that after he entered on curacy, the wife found it necessary 
to continue her knitting in order to eke out the small stipend 
her husband received. Finding his wife toiling at the knitting- 
needles early and late, Lee was led to think over the process, 
and eventually discovered the principle of the stocking-framo 
with which his name is associated. The first machine invented 
by Lee was only suitable for knitting worsted, and it was not 
till 1598 that he succeeded in pr^ucing a frame delicate 
enough to make silk stockings. Although Lee’s career as a 
stocking manufacturer hardly comes within the scope of this 
paper, it may be mentioned that about the year 1591 he threw 
up his curacy, carried his machine to London, and devoted him- 
self wholly to its improvement, and to efforts to bring his 
invention into favour. Through the intercession of Lord 
Hunsdon, Queen Elizabeth was induced to visit the poor parson 
in Bunhill Fields, who hod invented a wonderful oontrivanoe 
for knitting stockings ; but, while admiring the ingenuity of the 
machine, she refused to grant him a patent for his invention. 
In reply to a request for assistance from Lee’s patron, Lord 
Hun^on, Her Majesty is reported to have said, “ I have too 
much love for my poor people who obtain their bread by the 
employment of knitting, to give my money to forward an inven- 
tion that will tend to their ruin, by depriving them of employ- 
ment, and thus make them beggars. Had Mr. Lee made a 
machine that would have made tilk stockings, I should, I 
think, have been somewhat justified in granting him a patent 
for that monopoly, which would have affected only a small 
number of ay subjects ; but to enjoy the exclusive privilege 
of making stockings for the whole of my subjects, is too ii^ 
portant to be granted to any individual.” Lee carried on 
stocking manufacture for seven or eight years in BunhdU 
iHelds, and had at one time nine machines in operation ; but the 
expenses he incurred in perfecting his invention wero greater ' 
the profits he deriv^ from ^ production of his frames, 
snd he fell into such poverty and dcijeotion, that he was almost 
induesd to abandon the undertaking. In 1605, however, he 
we nt to F^nuDoe, on the invitation of Henri Quatre, and set up his 
maehinscy at Bouen ; but after ^e assassination of his royal 
patsesi and protector, be wandered about from place to place, 


persecuted as an Englishman and a Protestant, and probably 
also as an inventor, until partly, if not wholly, through starva- 
tion and a broken heart, ho died at Paris in 1610, just as his 
invention was coming to be generally accepted. Seven of his 
workmen in France returned to Nottingham, and entered the 
service of Aston, one of Lee’s apprentioos, who effected some im* 
provements on his master's machine, and under Aston’s manage- 
ment they laid the foundation of the stocking manufacture 
of England. In tho time of the Commonwealth the stocking 
trade was so extensive, that the London, stocking weavers 
Bought to be incorporated in a guild, but it was not till 1668 
that their wish was granted by Charles II. By the year 1670 
there were 700 stooking-framos in operation in England ; and in 
1753 their number hod risen to 14,000, In 1845 there were 
about 73,000 persons employed in the manufacture of stockings 
in Great Britain, and the quantity produced was reokoned to 
amount to upwa^s of 3,500,000 dozen pairs. At tho present 
time it is estimated that nearly four-fifths of tho stockings worn 
in the world are made in Great Britain ; and Nottinghamshire, 
and the adjoining counties of Leicester and Derby, are the 
districts whore this trade ia principally carried on. 

The manufacture of a description of lace called bobbin-net 
has contributed to tho prosperity of Nottingham in an almost 
equal degree with the stocking trade. Tho first attempts to 
manufacture lace by machinery were made as early as 1768 ; 
but although frequent efforts wore subsequently made to shorten 
the tedious process of making laoe on the pillow, no very great 
success was achieved till Mr. Hoathooat of Tiverton, in 1809, 
discovered and obtained a patent for his invention of tho 
bobbin-net frame. Seven years later steam-power was first 
applied to this machine, and by 1822 or 1823 bobbin-net frames 
were generally driven by steam-engines. About the latter date 
the trade also received a great stimulus through tho expiry of 
Heathcoat’a patent. Tho quantity of bobbin-net laee produced 
increased enormously ; the prices fell in oonsoquenco ; and in a 
short time Nottingham loco to a groat degree supplanted tiio 
pillow laoe for which Flanders, France, and certain English 
counties were once highly celebrated. In the manufacture of 
plain nets Nottingham soon rivalled and surpassed all competi- 
tors ; and the produce of tho Nottingham bobbin-net frames was 
smuggled into those very countries from which lace hod for- 
merly been smuggled into England. In the early years of the 
trade plain nets alone were made, but after a time quillings 
were introduced, and at a later period figured or fancy patterns 
were produced. Quillings and figured patterns are tho highest 
priced produots of tho bobbin-net frame, and those are tho 
principal dosoriptions of loco goods manufactured in Nottingham. 
To show the rapid progress made in this industry, we may quote 
the account that Mr. Felkin gives of tho trade in 1835, in his 
“History of the Machine-wrought Hosiery and Laoe Manufao- 
tores. ” “ In 1835,” says tho author of this standard work, 

“there were used in this apparently minute branch of industry, 
1,850,000 lbs. of Sea Island cotton wool, valued at ^6186,000, 
and 25,000 lbs. of silk, valued at ^£40,000.” Tlio value of the 
produce of these raw materials and their disposal are stated to 
have been as follows : — “ Homo consumption for nets, i;320,000 ; 
for quUlings, ^6210, 000 ; for fancies, ^£580, 000— total, ^1,110,000. 
Foreign trade, in nets, .£340,000 ; in quillings, iJ282,000 j in 
fancies, 480,000— total, Xl,102,000. In the same year the 
plain nets sent from other parts of tho kingdom to Nottingham 
to receive the finishing operations of gassing, bleaching, and 
dressing, were estimated at ^328,000,” A few years ago it 
woe calculated that there were about 1,800 bobbin-net and 
warp-lace frames in operation in the town and neighbourhood of 
Nottingham. . 

In the early part of the present century Nottingham gamed 
an unenviable notoriety in oonsoquenoe of tho frequency and 
violence of the riots that took place there. Among tho most 
memorable of these were the riots of the Luddites, which were 
continued at intervals through a period of years. In 1811 
great distress prevailed among the weavers of England, owing 
principally to tho slackness of trade occasioned by the exclusion 
of British goods from foreign markets. The operatives, how- 
ever, attributed their misery wholly to the spread of machinery ; 
and combinations for the purpose of destroying the bobbin-net 
and stocking frames, which they supposed had deprived them 
of employment, were frequent in Nottingham. These riots were 
BO well planned, and so destructive, and the rioters were so suo* 
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oossfnl in escaping the rigilance of the polioct that Parliament 
wae evontoally compelled to adopt special and very stringent 
measures for their suppression. An act declaring the wilful and 
malicious breaking of a stocking or lace frame to be a capital 
offence bad to bo passed before the Nottingham operatives 
abandoned their attempts to check the application of machinery 
to these manufactures by violent means. Many minor distur- 
bances broke out in Nottingham between the Luddite riots and 
the outbreak to which wo have already referred. Those riots 
injured the trade of the town. 

Nottingham enjoyii considerable natural facilities and advan- 
tages for the successful prosecution of its manufactures and 
oommerco. Coal is found in abundance at a distance of about 
two miles from the town ; and there is a canal connecting the 
town northwards with the Codnor iron and coal district, and 
southwards with the Trent and the canal system of the northern 
midland counties. It need hardly be said that its railway oom- 
munication is almost perfect. The IVent is navigable up to 
the point opposite Nottingham, and is there crossed by an 
ancient bridge, consisting of nineteen arches, and also by 
railway bridges. On the whole the town is but indifferently 
built, a largo proportion of the streets being narrow and irre- 
gular, and in the older quarters of the town houses are to be 
found standing back to back without any interval between 
them. The houses for the most part ore constructed of brick, 
and many of the streets rise above each other in successive 
terraces. One very crowded quarter, called the Marsh, lies 
aboTit seventy feet below the prison, which is built on the edge of a 
rock. Extensive improvements have, however, been made in 
Nottingham during the past quarter of a century, many now 
streets having been constructed, and villas built in all direc- 
tions. Formerly the burgess land formed a belt round the town 
of about a thousand acres, but ibis land was enclosed under 
the General Enclosure Act some years ago, and since that 
time ])art of it has been built upon and part reserved for 
pleasure grounds, promenades, etc., eighteen aoroH of it being 
formed into an arboretum, to which the inhabitants have free 
access on three days of the week. The people of Nottingham 
also enjoy the use of a park of about 130 acres, belonging to 
the Duke of Newcastle. A striking contrast to the narrow 
streets of the town is afforded by the spacious market-place, 
which is a triangular area of five acres and a half, surrounded by 
lofty houses and shops with arcades. None of the public buildings 
of Nottingham i)o88ess any marked feature of interest or any 
remarkable hisWy, except perhaps St. Mary's Church, an 
ancient Gothic structure, supposed to have been originally 
erected in the seventh century, but which has since been de- 
faced by incongruous alterations in the Doric style. Among 
the institutions of the town may be mentioned the Free Gram- 
Fiar School, which was founded hi 1513, but fell into disuse 
before the close of the last century, and was re-established and 
revived in 1807 ; the Blue Coat School, which clotlies and edu- 
cates sixty boys and twenty girls ; the People’s College, founded 
by subscription in 1846, to aflbrd superior instruction to the 
working classes ; and a National and a Lancastrian School. 

In addition to the staple mauufaotures of Nottingham 
already mentioned, the town contains cotton, worsted, and silk 
mills ; extoABive establiahmcmts for the construction of bobbin- 
net and stocking-frame machinery ; and large bleach-fields, 
malt-houses, and breweries. To illustrate the rapidity of tlio 
growth of Nottingham during the present century, the popula- 
tion returns may be cited. There were in Nottingham in 1811, 
34,253 inhabitants ; in 1821, 40.415 ; in 1831. 50,680 ; in 1851, 
57,407 ; in 1861, 74,003 ; in 1S71, 80,608 ; and in 1881, 111,648. 


PRINCIPLES OF DESIGN.— XIX. 

UT CHBISTOrHEn DRESSER, PK.D., E.L.S., BTC.' 

CARPETS (continued). 

PuBStriNa our oonaideration of floor coverings, we may notice 
that a number of beautiful Indian carpets, such as we referred 
to in the last article, may be seen at musenms in various 
parts of Great Britain, as well as in the leading ware- 
houses (Pigs. 06, 67, 68). Some good examples have been 
shown at the International Exbibitioua at South 
ton, nud at other exhibitions throughout the kingdom. As 


to the nature of the pattern which may be applied to a carpet, 
we have “all-over ” patterns, or patterns spreading regularly all 
over the surface ; “ geometricar* patterns, or those which have 
an apparent regularity of structure; and panel patterns, or 
those in which particular ports are, as it were, framed off from 
other parts. 

First, as to “ all-over’* patterns. These are what we almost 
always find in both Indian and Persian carpets, and are, un- 
doubtedly, the true form of decoration for a woven floor cover- 
ing. What is desirable is an evenly spread pattern, such as will 
give richness without destroying the unity of the entire effect. 
The pattern may have parts slightly accentuated or emphasised 
beyond other parts, but not strongly so, and this emphasising 
of parts must be arranged with the view of securing to the pat- 
tern special interest. Thus, if a carpet is viewed at a distance 
it should not appear as devoid of all pattern, but through the 



Fig. 67. 


alight predominance of certain leading features (in Indian car- 
pets, generally of ornamental flowers) tlie plan of the design 
should be indicated. More detail should be apparent when the 
work is seen from a nearer point of view, and still more 
upon close inspection ; but in no case should any parts appear 
strongly pronounced, or otherwise than refined and beautiful, 
and in no case should there be a want of interest manifested by 
the pattern. 

Carpet patterns are generally better if founded on n geome- 
trioal plan. In this way most of the Indian and Persian pat- 
terns are oonstrnctod. A geometrioal plan secures to the design 
a manifestation of order and thought in its formation. Panel 
patterns, unless very oarefuUy managed, become coarse. In 
some In^an carpets we find a sort of })anel in which the colour 
of the ground is changed from that of the general ground of the 
carpet, but here the panel has usually a tr^y ornamental form, 
and is, indeed, rather a large ornament than a sort of frame en- 
closing a distinct space. Whenever a panel occurs in an Indian, 
Persian, or Moorish oaipet, it is so managed, and its surround- 
ings are such, as to oanse it to appear as a part natural to the 
general design ; but it is far otherwise with the panel patterns 
which we oocosionally see in our shop-windows as the produoe 
of native industry, and it is far otherwise with those whi<fli are 
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used in vast quantities by the 
Americans. Judging from the car- 
pets which they order, I should 
imagine that howhere is taste in 
matters of decoratiye art so de* 
prayed as it is in America. It is 
true that the great floral patterns 
haye ceased to be demanded by 
them, but they are only replaced by 
coarse, raw-looking, panel patterns, 
coloured ill the most yulgar man- 
ner, and without even a hint at re- 
tiuement or harmony of colour. 

In this respect, however, improve- 
ment in the public taste will no 
doubt manifest itself in the 
coming years. 

But we must not forget that 
even in our own country bad 
patterns sell equally as well as 
good, inartistic patterns as well as 
those which are of a more refined 
character, and that even here in 
Great Britain more of the in- 
different, if not of the very bad, 
sells than of the good. Let us 
cast the beam, then, from our own 
eye, before we try to extract it from that of another. 

Ihe ground colour of a carpet may vary much, as we all know ; 




Fig. 68. 


one-tenth of an inch square. In 
some Turkey carpets eucli stick is 
a quarter of an inch square. It is 
obvious that a much smaller and 
finer pattern can bo produced in 
Brussels than in Turkey empet. 

A carpet pattern is best small, 
or at least small in detail if not in 
the extent of the design. A pat- 
tern may repeat three or four times 
in the width of the fabric (twenty- 
seven inches if Brussels), or but 
one figure may be shown, yet in 
this latter case the detail of the 
pattern may be as groat as in the 
former. That degree of smallnesB 
which is compatible with tolerable 
distinctness of detail is desirable. 
For this reason Turkey carpets ore 
not altogether satisfactory ; no fine 
pattern can bo worked in them, and 
besides this they have no colour- 
bloom and little colour-harmony. 
In some respects they are good, but 
altogether they are not satisfying. 
08. Before 1 close these remarks 

upon carpets, let me say that, as 
designers, manufacturers, and consumers, wo are one and all 
timid of now things. Wo want daring — the energy to produce 


it may be black, blue, red, green, or white. If the ^und of a new things, to manufacture them, to use them. What if the 
carpet is pure white, it is almost impossible that it will look pattern is “ oxtromo,” if it is better than others P What if Mrs. 
well. When I make this assertion I am often told that some Grundy should think us eccentric P — better bo eccentric than ever 


of the Indian carpets 
which I so much ad- 
mire have white 
grounds. This is a 
mistake. Some of them 
liave light grounds, 
but not white grounds. 
They have light cream- 
grey grounds, orgreen- 
whito grounds, but not 
pure white, and this 
tone of the ground 
altogether alters the 
case. Yet even with 
a light-toned ground it 
is not an easy matter 
to make a carpet which 
shall appear as a suit- 
able background to 
tho furniture of a 
room ; it con be done, 
but it is a thing difil- 
oult to achieve. The 
safest and best ground 
for a carpet is black 
or indigo blue. If on 
this ground a closely 
fitting, well • studied 
pattern be arranged, 
drawn in small masses 
of bright colour, a 
beantif^ bloomy effect 
may be achieved, and a 
glance at our best shop- 
windows will show that 
the most satisfactory 
carpets are coloured 
in this way. 

As to the size of the 
pattern we can say 
but little, as this will 
bo determined by the 
coarseness or finenc-ss 
of the fabric. In a 
Brussels carpet eaoii 



harping on tho same 
string. If we could 
but bear calmly tho 
derisive smiles of tho 
ignorant, art-progress 
would bo easy. 

With us carpets 
cover tho entire floor. 
In London these car- 
pets are nailed to tho 
boards, and but seldom 
taken up. In some 
parts of England wo 
find rings sewn around 
the under edge of the 
carpet, which rings 
ore looped to the heads 
of nails. Carpets so 
furnished can bo more 
roatlily removed for 
cleaning than ours, 
which arc nailed to the 
floor. Square carpets, 
such as the Turkey, In- 
dian, and Persian, are 
spread loosely on tho 
boards, and can be 
taken up and shaken 
without ^fficulty. This 
is unquestionably tho 
healthy plan of using a 
oarpdfc, and it is also an 
artistic plan. If the 
outer portion of tho 
room floor is formed of 
inlaid wood of simple 
and suitable pattern, 
and alargeloose square 
carpet is spread in the 
centre, we have an 
artistic effect, and tho 
desirable knowledge 
that cleanliness is also 
attainable with a rea- 
sonable expenditure of 


stick is about the 


Fig. iiO. 


labour. 
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ELECTRICAL ENGINEERING.— XXIL 

BY BDWABB A. o'KSEFFB) B.B., A.S.T.1B., 

Demooiiimtov in Eleotrioal Enginaering, City and Chiilda of London 
Teobnioal Collage, Finabmy. 

CONSTRUCTION OF AN AOCUBATSJ RESISTANCE COIL 
-PAULT-TBSTINO. 

Since aoonrate resiatanoe ooUa are absolutely necessary for aU 
kinds of eloctrioal testing, it may be of interest to know how a 
coil can be wound which will be correct within ‘0001 ohm. It 
is, of course, understood that a standard ooU is available with 
which to compare it. Let the resistance of the coil which we 
want to wind be 1 ohm; and — ^for the sake of simplicity — let 
the standard coil have a resistance of 1 ohm at the existing 
temperature. 

A piece of wire, consisting of German silver, platinum silver, 
platinoid, or some such alloy, is chosen, and a portion is out off 
having a resistance of something over an ohm. (These alloys 
are used for resistance coils, since they have extremely high 
resistances, and these resistances change less with tempera- 
ture variations than is the case with the pure metals.) The 
wire is wound doable on a bobbin so as to avoid induction, as 
before described ; and the ends are soldered to two stout wires 
which have been rigidly fixed relative to the bobbin, and which 
have no appreciable resistance. This and all such solderings 
should be done with resin. Having allowed the joints to cool, 
carefully test the resistance of the coil by means of Foster’s 
method, as described in the last chapter. The resistance on 
the bobbin is now greater than 1 ohm, but it may be reduced 
to any desired amount by soldering a second wire of definite 
rosistance in poArallel with the original one. The resistance of 
this second wire must be so adjusted that the total effective 
resistance on the bobbin shall equal 1 ohm. The resistance of 
this second wire may be calculated when we know the resistance 

of the first, and tha «fn.ndavd. 'fVina • 

Lot B zr the rosistance of the standard coil ; 

first wire wound on bobbin j 
second „ „ 

It is required to find what value must bo given to s, in order 
that the effective resistance on the bobbin may bo equal to that 
of the standard coil k. 

According to the laws of joint resistances, 


or, R r -f R : 

til* 

r - u 

And when the standard coil has a resistance of 1 ohm, the 
formula becomes 


An example may show the process more clearly : — 

Let the resistance of the wire which was first wound on the 
bobbin, os tested by Foster’s method, be 1*05 ohm. 

Then, according to the formula, the resistance of the ocdl, 
which must be wound in jmrallel with this in order to get an 
efifeotive resistance of 1 ohin, is 

• _ X*a5_ _ I;05 

* “ V08 - 1 “ 06 
21 ohms. 

This coil of 21 ohms’ resistance is measured off on the 
Wheatstone bridge in the ordinary maaner, and soldered on to 
the two stout wires so as to be (n parallel with the coil whose 
resiatanoe is 1*05 ohm, care being taken that this second solder- 
ing in no way interferes with the firsk The Wheatstone bridge 
will measure this shunt-coil with sufficient accuracy ; for even 
if a mistake of *01 ohm were made in its determination — which 
should not occur with any ordinary apparatns-~-arnd the resist- 
ance of the ehnnt-coil were made 21*01 ohms, instead of 21* 
ohms, the ooU would still be aoonrate to four figures ; its resist- 
ance would be 1*00048 ohm. As soon as the second soldering 


has cooled, the coil is again compared with the standard by 
Foster’s method; and if not fonnd to be quite correct, an 
adjustxneut can be made on the end of the shunt-coil, which has 
been allowed to project when the other portion was wound on 
the bobbin. This adjustment may be most oonveuiently made 
removing a little of the insulation from the end of the wire, 
which may be then twisted together with pincers, so as to de- 
crease the resistance of the coil. When this a^natment is 
complete a drop of solder is placed on the twisted portion of 
the wire, which is then covered with some insulating material. 
It is a good plan to immerse the whole bobbin in melted paraffin 
wax before ffiially placing it in its permanent position. 

FAULT-TBSTINO. 

Before leaving the subject of measurement of resistances, it 
may be advantageous to describe how to localise the position 
of some of the most general faults which occur in practice. 
The first case to be considered is that in which the insulation 
of a line has become damaged, and a connection, or a partial 
connection, is formed between the line and 6(wth, When the 
insulation has completely broken down, the fault is technically 
called dead ewrthf when it is not completely broken down 
(which is more usually the case), it is called partial ectflih. 

The test to be applied in order to localise the fault will 
depend altogether on the nature of the line in which the fault 
has occurred. If the line consists of a coil of wire in a factory, 
or of any wire both ends of which ore available, then the most 
satisfactory test which can bo applied is that known as Varley’s 
Loop Test. 

varlby’s loop* test. 

Considering the case of an insulated wire running between 
two stations, which are also joined by a second insnlated wire ; 
j a iauk haying broken ouu in one, tne two wires are joinea at 
I the distant station, and tbns form a loop from which this test 
derives its name. 

The resistance of the looped line is first measured by the 
ordinary Wheatstone bridge method. One end of the battery 
is then put to earth, and the connections arc arranged as in 
) Fig. 51. 



Pig. 61. — CONNBOnONS FOR vablby’s loop-test. 


Vj and are the ratio arms of the bridge, and are now made 
equal. 

a is the distant station where the two lines are joined to 
form tlie loop. 

B o is the faulty Hne. The fkult has broken out at the 
point p, and the realstanoe between point f and earth is /. 

A o is the sound line joining the two stations. 

The teat consists in varying the resistance R till the galvano- 
meter shows no deflection, at which time we have the ordinary 
conditionB of balance in the Wheatstone bridge. 

Let L = the resistance of the conductor of the looped Hne, 

„ a = „ „ „ „ faulty Hne, 

from B to F, 

M y the resistance of the condnotor of the looped Hne, 
from the point p to A ; 

Clearly then l = » -4* y, 
or y = L - 
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And yfhen balaaoe is obtsined, 

B + » == y, 
or = 



Or the resistance of the conductor up to the fault is found 
in terms of the resistance of the looped line and the variable 
resistance E. The most important point about this test is that 
it is quite independent of the resistance in the fault and the 
resistance in the connection to earth. 

When a return wire between the two stations is not available^ 
one of the tests — due to Blavier — is used. 

The simpler case it that in which a test can be made from 
both ends of the line* with the distant end insulated. 

Let L = the resistance of the line, 

X „ from home station to the fault, 

„ y= „ n distant „ 

„ / =; ,, between the fault and earth. 

Two tests are made : one determines the resistance from the 
home station to earth, with the distant end of the line insulated ; 
while the second — made at the distant station-^etermines the 
resistance between that station and earth, the home end being 
insulated. 


Let Ti z=z the resistance obtained in the first teat, 


„ ra = „ „ „ second test. 

Now we have the three equations, 

h=zx + y (I.) 

from first test, = a; + / (II.) 

„ second teat, ra = y 4- / (HI.) 


Subtracting (III.) from (II.) wo got — 

rj - ra = - y (IV.) 

and from (I.) y = l — tc. 


Substituting this value of y in (IV.), it becomes — 
rj — )’a = » — L -f- », 

X = ^-.±..ri - (V.) 

which gives the resistance of the faulty lino up to the fault. 

When a test cannot be made from the distant end of the line, 
two tests must bo made from the home station, one with the 
distant end insulated, and the second with the distant end to 
earth. 

Let ri == the resistance obtained from the first test, 

St ^2 = „ „ „ second teat. 


Then we have again three equations, 

L = * + y . 
ri = a? -f / . 

Vf 


ra = (t* + 


y +/ 


Using the same symbols as before, 

from equation (I.) y = l — a?, 
and from „ (II.) /=ri - aj. 


(I.) 

(II.) 

(III.) 


Substituting these two values for y and/, equation (HI.) becomes 

r, = * + *), 

L 4“ n “ ’ 


or rjL+rjr, - 2r^x=:xL + Jcrj-Ste® + - L« — ri» + aj“, 

or Vi (l + Vj) — 2 rai» =: L Vj — 

or — 2r^ » = L ri — r2 (l + r;). 

Add fj* to both sides. (a? — r^)* = l Vj — (l ~ r^) + 

» = \/(l- rg) (rj - r*). 


Neither of Blavier’s tests takes into account the resistance 
of the earth, and they are in this respect far Inferior to the 
loop-test ; but as the latter cannot be performed in all cases, 
they may become indispensable where a return wire cannot be 
procured. 

In the case of a faulty coil in a factory, the exact position of 
the fault can be most easily found by winding the coil from an 
insulated to an uninsulated drum, a battery and galvanometer 
being in circuit with the core. 


PRACTICAL PERSPECTIVE.— .XIV. 

In this lesson another study of polygons is given. 

Fig. 69 is the plan of an octagonal plinth, on which rests an 
octagonal prism, of whioh the smaller figure is the plan. 

The octagon is enclosed in a square, a b c d, and this is to 
be first projected as shown in previous lessons. 

Proceeding then to Fig. 70, mark the points n and F be- 
tween A and B, and lines drawn from them to the centre of the 
picture will cut the back line of the square in 1 and J. 

Similarly, the points K and L being marked on the picture- 
line between a and c, and lines drawn from them to the point of 
distance will give the points k' and h' in the perspective side of 
the square, and from these horizontal lines across the figure 
will give the points a and h. 

Join s F, F 0, G H, H I, I j, j K^, s' and L ^E, and the plan 
of the octagon will be completed. 

Now raise perpendiculars from each of the angles of the 
square ; mark on either of the front ones A or B, the true 
height of the plinth, and complete the upper surface of the 
square block ah c d. 

From each of the angles of the octagon raise pependioulars, 

I cutting the upper square in the points /, y, i, y, and I, 

Join these points, and thus complete the upper surface of 
the octagonal plinth. 

The plan of the octagonal block might, of course, have been 
projected inside the original perspective plan ; but it is advis- 
able, for the sake of cleamoss, to defer it until this stage, so 
i that it may be projected at once on the surface on which it is 
required. 

To do this, produce the edge of the upper Burfa<^o to 0, 
equal to the distant side of the square. Between a and c set 
off a o and c r, corresponding with A T and C s in Fig. 69 ; 
from these points draw lines to the point of distance ; aixd from 
the points where these lines cut the line drawn from A to 0, 
draw horizontals. 

Between a and h set off M and N, and from these points 
draw linos to the centre of the picture ; these, cutting the two 
horizontals last drawn, will give the perspective view of the 
square in which the minor octagon is contained. 

Between M and n sot off u v, the width of the side of the 
smaller octagon ; and these, cutting the front and back line of 
the inner square, will give the two sides w r, y *. 

Now between a and 0 set off a w and c x, corrosponding 
with A w' and c x' in Fig. 69, and draw linos to the point of 
distance, cutting a c j from those intersections draw horizontal 
lines, which, cutting MR in w a?, will give another side of the 
octagon, the corresponding side to which will be obtained by 
drawing horizontals from w and x to cut N q in w'x'. 

Join V w'f w' x'f x' y, and z w w, w u, and the smaller 
octagon will be completed. 

Now, to project the top of the prism, at the required height 
draw the line a' b', corresponding with the side of the containing 
square, and on it set off the widths m', n^, U% v' precisely over 
the points similarly lettered on the line a h below. 

From m', n', u', V draw lines to the centre of the picture, and 
from w, V, w, w/ .r, x\ y, and z draw perpendiculars to meet 
these. The points for the upper surface of the octagonal block 
will bo thus obtained. 

Exeeoibe 66. 

Put this olject into perspective when standing at any distance (at 
pleasure) within the picture. 

Exbecibx 67. 

Scale I inch to the foot. Height of spectator, 6 feet ; distance, 
15 feet. 

Suhjoct, a hexagonal block of 8 feet side and 2 feet high, on which 
reeta another hexagonal block, the side of which is 2 feet and the 
height of which is 8 feet. 
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Pat this olijeot into perspoetive when placed at 4 feet on the left of 
the spectator, the front of the lower block being on the picture-line. 

Exsboisb 68. ■ i 

Put the same object into perspective when another hexagonal block 
or slab rests on the top of it, precisely equal in size to the plinth on 
which the second block stands, but only half the height. 


Give a perspective view of this tube when lying at 4 feet on the left 
of the spectator, its end being at right angles to the picture-plane. 

Exercise 71. 

Put this same object into perspective when lying at 8 feet on the 
right of the spectator, and 8 feet within the picture. 



Exercise 69. * Exercise 72. 

Put the fame ohisot into perspective when standifig at 5 feet on the perspective when its octagonal and is 

tight of the spectator, at 6 feet within the picture. vertical, and at 50° to the picture-plane, the nearest angle of the 

_ containing figure being on the picture-line at 3 feet on the left of tlie 

Emboib* 70. .pMtator. „ 

Beale ) inch to the foot. Height of spectator, 6 fhetj distance, 15 EXSKCISS 73. 

1.1 ^ ^ perspective view of this object when the long edges are at 

Subject, an octagonal tube ; aide, 2 feat i lengthy 6 feat ; thiokneaa . 30° to the picture-plane, and when it is situated at 5 feet on the right 

of material of which the tube is made, 6 inches <bjr scale). | of the spectator, and 10 feet within the pictdie. 


PRAOTIOAL PEESPEOnVB, 
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To put oirole« and other curved forme into perspective, 
it is necessary that they should first be enclosed in the 

nearest rectilinear form which ■ 

will contain them. In the case 
of circles this containing form 
will of course be a square. 

Now let Fig, 71 be the oirole 
which we require to put into 
perspective. Describe about it 
the square A b d o, and put 
the same into perspective at A 
(Fig. 72). 

(It will be seen that the 
length of the side A b is not 
contained in this figure, nor is 
the point of distance. The 
student will, however, under- 
stand this elementary process.) 

Now draw in Fig. 71 the two 
diameters b p and a h at right 
angles to each other, and pro- 
ject those in Fig. 72. 

Draw the diagonals A d and p. 

B c, and insert these also in 
Fig. 72. 

Now these diagonals out the 
oirole in the points m, o, n, p. 

Through these points draw 
the lines u, K L. 


Fig. 73--Thi8 study is another application of the lesson 
given in Figs. 71 and 72, and represents a cylindrical oolumn 
standing on a square base, and surmounted by a square slab. 
Here the lower and upper blocks are completed first, and then 
the diameters and diagonals are 
drawn on the upper surface of 
the one and the under surfaoe 
of the other. 

The points I and k are mea- 
sured from Fig. 71, the circle 
' being the same size. From 

those points lines are drawn to 
^ the centre of the picture, and 

the necessary intersections ob- 
tained through which the curves 
are to be drawn, and these 
are afterwards united by verti- 
cal linos. 

Exbbcisb 74. 

Put into pempectivo a cylinder 
when its axie is poxullel to the 
picture-plane. Its circular end at 4 
teet on the right of the spectator, 
the ohiact being placed at H feet 
within the picture. 

The scale is ^ inch to the foot, 
the height of the spectator is 6 
feet, and the distance 15 feet. The 
diameter of the cylinder is 5 feet, 
and its length 6 feet. 

Exxbcibb 75. 


On the perpendicular a c in 
Fig. 72 mark off the heights I, K, 
and draw lines to the centre of 
the picture. These will out the 
diagonals in the points M, o, n, p« 
The perspective representa- 
tion of the circle must now be 
traced by hand through the 
points E, M, H, o, F, p, a, n, e. 
In the present study the 


Put the same cylinder into per- 
spective when its axis is at 60** to 
the picture-plane, the object being 
situated iu the immediate fore- 
ground, at 2 feet on tlie left of the 
spectator. 

Exercise 76. 

There is a row (four) of ooliinms 
similar to that shown iu Fig. 73, 
The following are the dimensions : 
--Width of plinth, 4 feet ; height, 


cirole is supposed to be the 
end of a cylinder, the length of 
which is represented by the 
distance from A to a. 

At a, therefore, put the square 
into perspective, and draw the 
diameters ef, gh, and diagonals. 
Then horizontal lines drawn 



4 feet; width of upper slab, 4 
foot ; height, 6 inches ; diameter of 
column, 4 feet; height, 12 feet. 
The distance between tbe columns 
is B feet. The scale is ^ inch to the 
foot. Height of spectator, 6 feet ; 
distance, 18 feet. 

Put into perspective two rows of 
columns as above, the one at 8 



from the points m, n, o, p will cut the diagonals in the points 
m, n, 0 , p, and thus all the corresponding points will be ob- 
tained through which the curve is to be drawn. 

The two en^ are then to be united by the Hnes H h and a g. 
(The line Q b is called the axis, and this cylinder is spoken of 
•• ** having its axis parallel to the pioture-plane,*’) j 


feet on the left, and the other 4 feet on the right of the spectator, 
both rows to recede at right angles to the plane of the picture. 

Exbboise 77. 

Put into perspective tbe oolomn shown in Fig. 73, when the sides of 
tbe base are at 40^ and 50° to tbe plane of the picture, tbe rest of 
the conditions atpkasum. 
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SANITARY ENGINEERINQ.— VI'l 

COOKING BY GAB. 

tv oontiniiation of our serios of papers on gas manufaotnrey 
and the yarioos means of its application and consumption, with 
a view to economy and otherwise, we now come to cooking by 
gas, a process we venture to think not generally understood, 
but none the less worthy of the serious attention of all classes 
of the community. Its great recommendation is economy 
and the absence of waste. When a kettle has to be boiled, 
or a chop to bo cooked in the ordinary way, the fire has to 
be lighted, and to bum up to a certain point of heat before 
the kettle can be put on to boil, or the dre is sudioiently clear 
for the chop to be cooked ; and here is at once a largo element 
of waste, as the fuel consumed in getting the requisite amount 
of heat developed for the purpose required is all so much loss. 
When gas is used in cooking the case is different : the gas has 
only to be turned on and lighted — ^there is no fire to bum up ; 
the requisite cooking temperature is immediately available — time 
and money, as we venture to think we can show in the sequel, 
are both saved. 

Perhaps the simplest thing that has to be done in the way 
of cookbig is the boiling of a kettle ; and about the heaviest 
daily undertaking of a cooking nature the providing of the daily 
dinner of an immense asylum, containing about 1,000 inmates. 
We shall endeavour, as far as our limits will allow, to give as 
definite an idea as we can of how those very different results can 
be economically and satisfactorily carried out by gas, and gas 
alone. To begin at the beginning. It has been ascertained by 
repeated experiments, into the detail of which our space does 
not allow us to go, that the most economical method of burn- 
ing gas for cooking purposes is with a certain large admixture 
of atmospheric air, about 30 per cent., or perhaps a trifle more. 
JAfjht^ of course, the purpose for which gas is ordinarily used, is 
in this case of no account, the object being to develop the greatest 
amount of heat from the smallest consumption of gas, and the 
process is as follows. A No. 3 fish-tail burner, consuming 
say 3 feet per hour, is covered with a perforated copper bulb, 
about one inch or somewhat less in diameter ; in the interior of 
the bulb the gas receives the necessary admixture of air, and 
when lighted outside burns with the peculiar blue, lambent 
flame engendered by the admixture. An apparatus of this kind, 
whioh can bo used anywhere, only requiring its connection with 
gas, can bo bought for three shillings; it will boil a pint of water 
in six minutes, and therefore the calculation stands as under — 
with gas at Ss. 6d. per thousand cubic feet, the average London 
price, the result being worked out by decimals, some trifle over 
one-tonth of a penny is the cost of the fuel oonsumod. In these 
small figures i^e oomparison does not show eoonomically in a 
striking form, but we venture to say that no housewife would 
undertake to light ton fires and boil ten kettles with a single 
pennyworth of fuel* We shall presently give some figures upon 
a larger soale, showing the absolute ooonomy of cooking by gas. 

Wo next come to the prooesses of toasting, roasting, broiling, 
and frying. These are conducted by reflected heat from a group or 
oirole of burners arranged above the meat or other article that 
has to be cooked ; and some most ingenious French apparatus has 
lately been intr^uoed in which, by means of reflection from 
polished surfaoes, very economical results have boon obtained for 
every*day purposes. However, it may suffice to say that a gas- 
cootog apparatus can be purchased for from Ifls. to 208., in whioh 
a small joint or a pair of fowls can be roasted by reflected heat 
below the gas-ring or oirclo of burners, while above a kettle may 
be boiled, or vegetables, puddings, or similar matters placed 
above may be cooked by the same apparatus. And here let it 
be borne in mind that the waste of fuel iu ordinary cooking does 
not arise only from the lighting of the fire ; after the cooking is 
done the fire has to bum out, and therefore both before the 
oooking begins and after it is completed there is great waste of 
fuel and heat. When gas is used, when the oooking is done the 
gas is turned oat at once, and thus only exactly the required 
amount of fuel is oonsumed. 

We now oome to a class of apparatus adapted for family 
use,*' and here more elaborate arrangements are requisite. Some- 
times they are simply oonstruotod of iron, but recent improve- 
ments have introdno^ a lining of fire-clay, surrounded outside by 
some porous, non-oondooting medium, which will idlow the pro- 
ducts of combustion to pass througl^ absorbmg a portion of 


them, the remainder passing off either by a fine or directly into 
the external air, the whole being enoased in a lining of sheet- 
iron, and provided with a movable Hd, also protected by fire- 
clay. An apparatus of this sort, 3 feet high, 1 foot 8 inches in 
diameter, with a single gas-ring at the base, cook 40 pounds 
of meat with a consumption of 50 feet of gas. The calculation 
of cost follows as a matter of course ; and here we will give 
the record of an actual experiment, in which, however, only an 
ordinary apparatus was used, without the improvements just 
alluded to. A dinner consisting of mutton, beef-steaks, pork- 
pie, apple-pie, vegetables, etc., complete, the total weight some- 
what exceeding 15 pounds, was cooked with a oonsumption of 75 
feet of gas, at Ss. per thousand feet — the cost of fuel was 4id. 

In some recent experiments on a larger scale still more 
eoonomioal results have been arrived at ; but perhaps the instance 
quoted is sufficient to establish the general principle, i. 0 . the 
economy of oooking by gas, the requisite faoilitieB being first 
provided. 

We now further proceed to describe a large oooking-range, as 
it may be termed, capable of turning out a dinner for 100 people 
— roasting, boiling, baking, frying — in foot, all the requisite pro- 
cesses of the kitchen. This will be 6 feet long, 3 feet high from 
the ground, and 2 feet deep from front to back — a very ordinary 
size for a common kitoben range ; and the general frame is made 
of plates of cast-iron, of which we may take the average thick- 
ness at half an inch, put together in the ordinary way. 

The upper surface is devoted to boiling, stewing, and similar 
purposes, and oontains a number of gas-rings with their burners, 
or, as they are termed, open gas fires, upon whioh the various 
vessels are placed. These may vary in number acoording to the 
special requirements of th5 establishment — we may say from six 
to ten. In the centre, and rising in a semi-ciroular form above 
the level top of the stovo, is a hot oloset for warming plates, or 
similar purposes. Below the upper surfaoq, with its open rings 
of fire, the space is divided into three; on the left is the roasting 
ohambor, similar to that before described, whioh will cook sever^ 
joints at once up to the weight of 50 pounds. In the oentro is 
the broiling fire, arranged with a tray a small distance under a 
gas-ring, and occupying only a few inches in depth ; this is large 
enough to cook say half-a-dozon chops at onoe, and may be de- 
scribed as the gridiron. Underneath this is an 8-gaUon boiler for 
hot water, self-feoding, with subsidiary cistern and ball-cook 
specially provided for that purpose. The right of the three 
divisions is a pastry or bread-oven, large enough to bake about 
eight quartern loaves or a dozen of pies, the heat being regulated 
accordingly. What we have described is no theoretical or specu- 
lative arrangement ; the details were taken from an apparatus 
wo saw in daily work at a well-known public institution. 

We may say that similar appliances are at work in many 
hotels and mansions throughout the country. 

We now come to the last branch of our subject, the appli- 
cation of gas to the oooking the daily dinners required for a 
thousand inmates ; and in this case we quote our particulars 
from an extensive set of the most improved kind whioh has 
been at work for a considerable time in one of the London 
hospitals. In this case the extent of the apparatus requires a 
separate provision for each particular process — ^the roasting, 
baking, and boiling — with the latter, however, the broiling is 
contained in one frame ; and these different arrangements oocnpy 
one side of the large kitchen. On entering we first oome to the 
ovens, two in number, each 6 feet high, 3 feet wide, and two foot 
deep, the gas-ring in each case running round the bottom, while 
a series of wrought-iron, light, movable shelves, oommenoing 
abont 2 feet above the ring, extends to the upper part of the oven. 
Upon these the pies are placed, and each oven will bake fifty 
pies at one baking, the time varying, of oonrse, with the nature 
of the dish, from a meat pie to a light pudding. 

Next in order along the wall is the apparatus for boiling. The 
frame, somewhat si^ar to one just described, on a smaller 
scale, has fourteen open gas fires, varying from 8 inches diameter 
up to 12 inches, the larger openings oontoining a double ring of 
firo, one within the other. !E^ the arrangement of the pipes and 
taps, either the inner or outer ring can be used separately, or 
they can both be nsed together. The size of the whole frame is 
8 feet long, 2 feet wide, and 3 feet high. 

Below these op^n fires another series of rings is arranged 
for broiling or frying. There is, of oonrse, a horizon^ division 
between ^ two, and under the second series of fires are 
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ananged tSoL trajB, each 20 inches long and 12 inches wide, 
sliding in and out ; each of these trays will cook 20 chops or 
thereabouts in a few minutes, will fry fish as required, or do any 
similar cookery. 

Next adjoining is a roasting cupboard, about which we need 
not go into detail, as it is o^y used for casual purposes, and 
somewhat resembles that before described, with the exception 
of being in two heights, one above another, each 3 feet, with its 
separate gas-iring. 

The series is completed by the great roasting apparatus, or 
Toasting-well as it may be termed, as it is entirely below the 
floor-Hne, and covered with a large, hinged, iron cover, level 
with the fioor, and raised by machinery specially designed for 
this object. The well itself is circular, 4 feet in internal dia- 
meter, cased round with fire-clay, and with an external lining 
of porous, non-conducting material ; and into this well descends 
an open frame of light wrought-iron, upon which the moat to 
be roasted is arranged on horizontal spits. It will cook 500 
pounds of meat in one operation, two hours being the time re- 
quired, and the consumption of gas 250 feet. There is a large 
double gas-ring round tbe bottom ; both rings are lighted when 
the roasting begins ; when it has gone on for a certain time one 
of these is turned off, and the cooking finished with the other. 
When the meat is done the lid is wound up, and the frame lifted 
out bo lily by means of a crane, the removal occupying but a 
few minutes. Beneath all is the dripping-pan (approached by 
a small iron staircase), and this has, of course, to be cleaned 
out after every roasting. 

The entire cost of this large and complete cooking establish- 
ment may bo roughly quoted at j 61 , 000 . We are unable to give 
any absolute experimental results as to the saving effected by it, 
as compared with the ordinary methods of cooking, because in 
this case it superseded an old-fashioned apparatus for cooking 
by gas already in use, in comparison with which, however, it 
effects a saving of .£800 per annum in meat and gas, as proved 
by the printed reports of the hospital. Could the comparison be 
directly made, the results would, no doubt, be startling indeed. 

We have tiius endeavoured, as far as our limits will allow, 
to give a general idea of the methods adopted for cooking by 
gas, from the smallest to the most oitonsivo scale. There are 
many manufacturers who make this class of apparatus their 
special study, and the number and variety of the applica- 
tions of details are almost endless*, many illustrated cata- 
logues are published, showing how almost every class of appa- 
ratus can be most readily obtained. We have only been able to 
convey a general idea of the process, the use of which, however, 
recommended as it is by deiuilineBs, efficiency, and economy, is 
rapidly extending. 

OBJECT DKAWING.— VII. 

It is not deemed necessary here to give any farther instructions 
as to shading. The application of the principles will be further 
shown in the figures which ore to follow. The student is urged 
to think for himself ; to place two or throe blocks of wood in 
various positions, and by moving the light (or, if that be fixed, 
the models), so as to observe the varying effects of light and 
shade : the manipulative process is the result of practice, and 
this may be obtained by covering, at first, small surfaces, and 
subsequently larger ones, with flat tints of various degrees of 
darkness, and hatching tiiem in vertical and horizontal direc- 
tions. He must, however, bear in mind the axiom already laid 
down, that no amount of shading will remedy bad drawing, and 
that therefore by far greater importance must be attached to 
outlines than to shades. In all the lessons, therefore, the prin- 
ciples on which the outlines are based are fully given, so that 
tl^ important point may not be lost sight of. 

Hg. 41 represents two cubes, one of which is parallel to 
the picture, whilst the other is placed angularly, the upper one 
being surmounted by a pyramid composed of four equilateral 
triangles. Of course, the lower cube is to be sketched first, and 
in this view it has been so often drawn that it will not be 
necessary to give any instructions concerning it, and we will 
therefore proo^ with our study of the upper objects. 

It will be clear that, when toe sides of a cube are at equal 
angles to the plane d toe picture, toe one diagonal of the base 
will be parallel, and the other at right angles to that plane. 
This will be untostood by Fig. 42, which is toe plan d two 


cubes, placed in toe maimer described, A b c d being the plan 
of the lower, and both the plan of toe upper. From this it 
will be seen — (1) that the diagonal o h of the upper cube is 
parallel to A d, the front edge of the lower one ; (2) that the 
diagonal B F of toe upper cube is at right angles to A d and b o 
of the lower cube, and therefore to the plane of the picture ; 
and (3) that the intersection of the diagonals of the upper cube 
is in this position exactly on the intersection of the diagonals of 
the lower one, as if one axis penetrated the two. Therefore, let 
ab c d (Pig. 43) be the upper surface of the cube. Draw the 
diagonals a c and b d, and through their intersections draw g h 
parallel to u d, and e/ in the direction of the point of sight, and 
projecting beyond a d and h c. From e draw lines to g and h, 
and produce them. From g and h draw linos converging towards 
/. This will be acoompliitoed satisfactorily by making hf and 
gf rather shorter than e g and e h. This, then, will complete the 
plan of the upper cube, which is thus given in a separate figure 
in order to avoid confusion in the drawing. 

Having brought the sketch (Fig. 41) up to this stage, draw 
the front edgo of the upper cube, which, it must be remarked, 
must be slightly longer than the edges of the lower cube, since 
it is rather nearer the oyo, being, in fact, the most prominent 
line in the picture. From the upper extremity of this line draw 
the edges convergent with the lower ones, and in the same 
; manner draw the back edges of the cube. Draw diagonals, and 
at their intersection raise a perpendicular, on which mark the 
apex of the |>yramid. Join this point to the angles of the cube, 
and thus complete the outline. Assuming that this has all been 
sketched in charcoal, and corrected with chalk (No. 1), the 
shading may now be proceeded with. 

The shadow cast by the projecting angle of the upper cube 
on the front of the lower one may be rubbed in first ; then the 
shaded side of each of the cubes, and of the pyramid. In this 
the student will observe the side of the upper cube not being 
I as directly turned from the light as that of the lower (the first 
I being at 45® and the latter at 90®), will not be so entirely pre- 
vented receiving Hght, and will therefore be rather lighter in 
shade than the other ; whilst the side of the pyramid will be 
still less shaded, owing to toe slanting of its surface. 

The highest light of all will be at the front edge of the pyramid, 
and the side nearest the light ; the brightest light being on the 
prominent edge of the cube, which similarly will gradually merge 
into too general tone of the whole side. 

The triangular shape of the oast shadow is caused by the pro- 
minent angle of the cube, and the variation of this with the 
sUghtest alteration in position is exceedingly interesting to 
observe. 

The group (Fig. 44) which will now form toe subject of our 
remarks, is composed of a cube, on which stands an oblong 
block covered by toe square pyramid. 

The following are the proportions of the objects ; the cube, 
6-inoh side; the oblong block, 4-inch side and 12 inches high; 
and the pyramid 4 inches square at its base. Those are the sizes 
of the models on which these lessons are based, but of course any 
other proportions would do os well. It will thus be seen that when 
the oblong block stands on its end upon the cube, a margin is loft, 
and the same width is also seen of the under surface of the base 
of the pyramid, which rests on and overhangs the oblong block. 

The front edgo of toe cube, being the most prominent line, is, 
of course, to be drawn first, and the cube finished in the ang^^ar 
view as placed. 

Now it is evident that since the sides of the two blocks are 
parallel, their diagonals will be coincident ; that is, the diagonals 
of the base of the oblong block will rest exactly on those of the 
surface of the cube, but they will not equal them in length. 

Having, then, completed the cube, draw diagonals in the 
upper surface, mark off on toe diagonid which crosses from the 
most prominent angle the apparent distance of the angle of the 
upright block, and from this point draw lines to the vanishh^- 
points of the edges of the cube, or at least convergent wito 
them, so that, if produced, they would meet ; for as toe student 
advances, he is not expected, in hand-drawing, to really fix too 
vanishing-points, and rule the Hues. A knowledge of the prin- 
dples and observation of appearances will enable him to draw 
from objects with tolerable correctness, but, as said before, model- 
drawing is not intended to serve as a snbstitute for the study 
of perspective, but as an application by eye and h a nd of pre- 
vkmsly aoqnir^ rules, which have been aoonxately and oarefolly 
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worked out : ©yen as writing a letter or othor composition is an 
application of the rules of grammar to which we haye become so 
habituated that correcttiesa comes almost by intuition. 

These lines, then, tending to the yaniahing-points, are to be 
drawn until they cut the diagonal which extends horizontally 
across the cube ; and from these points lines drawn in the oppo- 
site direction will meet on the first diagonals and complete the 
base of the upright block. 

In the present position of the cube, the one diagonal is hori- 
sontal, whilst the other, being at right angles to the plane of 
the picture, is drawn to the point of sight. As already ex- 
plained, this is because the object is placed at equal angles, 



seated. Of course, this wonld not be visible unless the model 
were transparent; but, as said before, it is best in the first 
sketch to assume this, in order to aooonnt for lines which are not 
visible, and to find the places for others which depend on them. 

Through the distant and near angles of this inner surface 
draw a diagonal and produce it, remembering that, as the 
pyramid is exactly over the cube, the diagonals will be over each 
other, and therefore this one will converge to the point of sight 
— as does that of the cube — and the other diagonal will be hori- 
zontal, as already explained. 

On the first diagonal mark the most prominent angle of the 
base of the pyramid, which will, of course, be exactly over the 



but would not bo the case if it were in the slightest degree 
rotated. 

Proceed now to draw the perpendicular edge of the oblong 
block which is nearest the eye, and having fixed its apparent 
height, draw lines to the vanishing-points for the horizontal 
edges. In the present study the objects are placed so that the ' 
level of the eye is about the middle of the height of the group ; ! 
whilst, therefore, the lines of the cube and the base of the oblong 
block tend upward, those of the top of the blook and of the base 
o{ the pyramid inoHAe downward. 

Now from the left and right angles of the base draw perpen- 
dioulars for the two other visible edges of the object, and from ! 
the fourth angle draw a perpendicular which will be terminated j 
by lines drawn to the vanishing-points from the extremities of 
the perpendiculars. 

liie inner surface of the top of the c^jeot will thus be repie- 1 


front angle of the cube. From tliis point draw lines to the 
vanishing-points, cutting the horizontal diagonal in points which 
will give the angles of the base, both of which again will be 
over the corresponding angles of the cube. From these points 
lines drawn to the opposite vanishing-points will ipve the bock 
lines of the base of the pyramid which are in the view only 
partially visible. 

The apex of the pyramid will, of course, be situated on a 
perpendicular raised on the intersection of the diagonals. It is 
advisable, in order to test the exactness of snbjeots snob as this, 
to sketch the inner surface of the base and draw diagonals, then 
a line passing through the intersections of each set of diagonals 
should be an absolutely vertieaX line — the axis, in foot, of the 
whole group. 

The method of ahadiz^ this object will be given in the next 
Issflrm 
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ELECTRICAL ENGINEERING.— XXIIL 

BT XDWAED A. 0*KEEFF£, B.E., A.8.T.E., 
Demonstrator in Electrical En^neeriner, City and Gnilds of London 
Technical College, Finsbury. 

Accuuulatobs. 

ACCUMULATORS CONTRASTED WITH PRIMARY BATTERIES 

-THE PLANTE ACCUMULATOR-CHEMISTRY OP LEAD 

AND ILS PRINCIPAL OXIDES. 

The ordinary voltaic cell, or primary battery, ia a combination 
of materials in which a current is generated at the expense of 
some Bubstance which acts as a fuel, and which ia consumed or 
burnt up in the process. When suitable arrangements are 
made, this current will continue to be generated, with more 
or less vigour, till all the fuel is exhausted, when a fresh 
supply should be provided or the cell will become inactive. 
In the case of a zinc and copper cell, if a current were forced 
backwards through the cell—that is to say, if it entered at the 
copper and left at the zinc end — it would be found that some 
zinc would be deposited on the zinc plate, and that the quantity 
thus deposited would depend on the strength of the current, and 
the length of time during which it flowed. The zinc thus 
deposited need not be in a uniform layer ; for the present argu- 
ment all that we require to know is that zinc in any form can 
be plated bock by a reversal of the current. The amount of 
fuel in the cell can thus be increased by the expenditure of 
energy by a current, which is forced backwards through the 
cell. This is the fundamental idea of a secondary battery, or, 
as it ia now more usually called, accumulator, A primary 
battery, then, is reversible, and in its reversible form it is 
known as an accumulator. 

An accumulator ma/y he defined as a conibination of materials 
upon which energy is expended by the passage of an electric current ^ 
and whichy by that meanSy acquires the power of generating a 
current on a subsequent occasion. It does not store electricity y 
but its constituents undergo some change which ia of a purely 
chemical nature, and by means of which some of them become 
fuels, which can afterwards be burnt for the purpose of sup- 
plying currents. 

If a current from A couple of cells be sent through some 
dilate sulphuric acid by means of two platinum plates immersed 
in it, the liquid will be decomposed ; oxygon will be deposited 
on the plate through which the current enters the liquid, and 
hydrogen on the plate through which it leaves it. If the cells bo 
now removed, and the platinum plates connected through n gal- 
vanometer, it will be found that a current will flow in tho opposite 
direction to that of tho original current. This current will 
last only for a short time, because the supply of fuel is small. 
Tho fuel consists of the hydrogen which was liberated on the 
platinum plate by the original current, and which now gene- 
rates a current in its tnm by being burnt np, or by nniting with 
tho oxygen to re-form tho original composition of the liquid. 
These platinam plates form a true accumulator, bnt its capacity 
— t.e., its power of storing up electrical energy — is small, owing 
to the fact that bnt a email quantity of hydrogen con adhere 
to the plate. When the plates have become covered with their 
respective films of oxygen and hydrogen, the accumulator may 
be said to be folly charged ; any farther passage of the current 
only liberates gases, which rise through the liquid and mingle 
with the atmosphere. If the surface of the plates be increased, 
the capacity of the arrangement aa an accumulator is corre- 
spondingly increased, bnt the plates themselves undergo no 
chemical change; they act solely as reservoirs for collecting 
and retaining the evolved gases. 

Other bodies may be substitated for platinum and widely 
different results obtained — these results largely depending upon 
the goodness or badness of the bodies as fuels. Some sub- 
stances behave like platinnm, while others are acted upon by 
the evolved gases and undergo a distinct chemical change. 
Of the Bubetances that are chemically acted upon by &e 
evolved gases, the one which is now almost universally in 
accumulators is lead, and it is to the patient and painstaking 
researches of Gaston Flant^ on this substance tl^t we are 
mainly indebted for the modem lead accumulator. 

In the above-described process, if pure lead plates be used 
instead of platinum ones, the capacity of the arrangement as an 
aconmnlatw will be fonnd to be greatly increase The oxygon 
enters into chemical combination with tho lead on which it is 


deposited, and forms peroxide of lead— PbOa. This peroxide 
of lead adheres firmly as a film to the lead plate, and is of a 
reddish-brown or chocolate colour. Hydrogen ia deposited on 
the other lead plate, but does not enter into chemical combina- 
tion with it— ^e plat© becomes a bluiBh-grey colour. If the 
accumulator be now allowed to discharge itself, and a current 
be then sent through it in the opposite direction to that of the 
original one, it will be found that the plate which was previously 
coated with hydrogen will now become ooated with peroxide of 
lead, while the snriaoe of the one that was ooated with peroxide 
of lead will now be reduced to the condition of spongy lead — 
i.e., lead in a finely divided condition — and will bo ooated with 
a ^m of hydrogen. The accumulator will now be found to 
have a much larger capacity than in the previons case, and can 
therefore supply a current for a much longer time ; and it will 
also be found that, when it is completely discharged, the snr> 
face of the plate that contained peroxide of load will be coated 
with sulphate of lead — PbSOa, while tho other plate will be coated 
with load monoxide — PbO. This increase in the capacity of tho 
accumulator is due to tho fact that, in the first charging, the 
oxygon bit into the lead plate and formed peroxide of lead, and 
when this peroxide was reduced by the second current to tho 
condition of spongy lead, the plate was rendered partially porous, 
and a larger surface of active material was thus exposed os a 
fuel. When the aoonmulator first begins to discharge, tho fuel 
consists of hydrogen on one plate, opposed to peroxide of lead, 
with a small supply of oxygen, ozone, and persulpliurio acid on 
tho other. Tho supply of hydrogen soon becomes exhausted, 
and the active materhd or fuel then consists of pure spongy 
load. During the first portion of the discharge, tho e.m.f. of 
the combination varies between 21 and 2*5 volts, but as soon 
j as the supply of gases is exhausted, tho e.m.f. falls to about 
2 volts, which may be considered to bo the normal S.H.F. of the 
ordinary lead accumulator. 

the PLANTE ACCUMULATOR. 

Plante constructed his accumulator in the following way : he 
I took two sheets of lead, eaclj of which had a projecting lug to 
i serve as a terminal, and, having j^laced one upon the other, but 
separated from it by two india-rubber bands which prevented 
; them from touching, he rolled them into the form of a cylinder. 



Fig. 62.— THE PLANTfi LEAD PLATES. 


which was held in position by on ebonite cross at tho top. 
These two stages are illustrated in Fig. 52. 

This cylinder he placed in a glass vessel containing dilate 
sulphuric acid — 1 of acid to 10 of water. Fig. 63 illustrates 
tho Hant6 accumulator in its finished condition while being 
charged by the current from a couple of Bunsen cells. 

The accumulator is now ready for forming, (Forming is 
the technical name for tho process of turning one plate into 
peroxide of lead, and the other into spongy lead.) Plants now 
sent a ourrent from a couple of Bnnsen cells through the 
arrangement by means of the two projecting lead lugs, till one 
plate became ooated with peojxide of lead and the other with 
hydrogen.’ This condition can be pwognised by the goM 
evolv^ ^ the decomposition of the water rising through we 
liquid in bubbles. The aoomnnlator was now allowed to rest for 
about fifteen minutes, when it was discharged, and a current sent 
through it in the opposite direction till the bubbles again began to 
come off. It was again allowed to rest, but for a somewhat longer 
time than before, and agrain discharged. These operations 
wore continued over several months, till tho capacity of the 
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accumulator— which was continually increasing owing to the 
plabes being bitten into moro and more at each succeeding 
charging— 'had become sufficiently large for practical purposes. 

In its completed form, one plate has become entirely honey- 
combed, and consists to a great extent of pure spongy lead, 
while the other has been partially turned into peroxide. The 
^timate fate of a Plante accumulator most usually is, that 



Fig. 53 . — THE PLANTE ELEMENT. 


it disintegrates, and falls to pieces at the slightest shook at 
the very time when it is working its best, and when its storage 
capacity is at a maximum. 

The principal improTomonts which Imve boon made in tbe 
modern acenmulator consist of the following features ; — 

1 st. Shortening of the process of tuauufaoturo. 

2 ud. Bringing of tho active materials into contact with con- 
ductors which arc not seriously attacked by tho action of tho 
coll, and which thus prolong its life. 

3 rd. Improved methods of separating, supporting, and con- 
necting the plates, and providing proper circulation of the 
liquid. 

As far 08 theory is concerned, tho modern accumulator 
differs but slightly, if at all, from that of Plant 6 . 

In order to thoroughly undoratand what follows, some infor- 
mation is necessary regarding tho compounds which load forms 
with oxygen. 

PKOPBRTIES OP LEAD AND ITS PKINCIPAL OXIDES. 

Load forms five compounds with oxygen, which are as fol- 
lows : — 

PbaO — Lead suboxido. 

PbO — Lead monoxide, or litharge or massicot. 

PbOa — Load dioxide, or minium or puco-colourod oxide. 

Pb304 — Eod oxide or rod load. This is a compound of the 
two previous oxides, consisting of two parts of monoxide 
to one of peroxide. 

PbaOj — Lead seaquioxido; a compound of monoxide and 
dioxi<io in equal parts. 

Lead seldom occurs free iu nature ; it is obtained principally 
from galona or load sulphide, FbS, by roasting in a reverbera- 
tory furnace. Energy in the form of heat is thus expended on 
it iu ^rder to reduce it to the pure state, and this energy can 
afterwards be recovered by oxidising or burning it in a battery. 

As a fuel it is not as good as sine, but stiU it has a fairly 
high heat value. It is not attaoked by dry air at the ordinary 
temperatuM, but if any moisture be {ftresent its surface beoomes 
quickly oxidised aud assumes a. tarnished appearance ; neither 
is it attaoked in pure water unless air is present In a 
finely-divided state — when it is known as wpongy lead— -it will 
burn in the atmosphere at ordinary temperatoMS, and even 
when in a solid mass, spongy lead will become heated if exposed 
for some time to tho atmosphere, and its substance will become 
p M c t i a lly redneed to lead oxide. 


Lead saboxide, Pb^O, is nnimportaut. 

Lead monoxide, PbO, is a yellow powder obtained by heating 
lead in the presence of air ; It fuses at a red-heat and crystal- 
lises in flakes, when it is called litharge or massicot. It is 
largely need in the manufacture of accumulators, where it 
forms, when mixed with snlphnrio acid, the greater portion of 
the grey plates. By the passage of a current it is easily re- 
duced to spongy lead, which forms the active material or fuel 
in the accumulator. 

Lead dioxide or minium, FbOs, is a brown powder of a highly 
oxidising nature. It is the substance which forms the prinoip^ 
portion of the brown plate in an aocumnlator which is fully 
charged, and is there formed by tbe combination of the lead 
with the oxygon and ozone which are given off from the dilute 
sulphuric acid by the passage of a current. In one type of 
aocumnlator the brovm plate consists entirely of this substance 
in a solid cake. 

Bed load, FbsOa, which is largely used as a pigment, is 
obtained by heating the monoxide to a moderate red heat in 
the presenoe of air. It is the substance which is mixed with 
I sulphuric acid to form tho greater portion of the plate that 
is subsequently converted into brown peroxide of lead by the 
passage of a current. 

Some confusion in nomenclature has arisen when speaking 
of the plates of an accumulator. The grey plate consists of 
spongy load, which is the active material or fuel when tho 
aooumulator is supplying a current, and for that reason it 
ought to be looked upon as tho positive element. The brown 
plate consists of peroxide of lead, which is reduced to a lower 
oxide while the aocuniulator is supplying a current, and for 
that reason it ought to be looked upon as the negative element. 
It has, however, become the custom, both with the mauu- 
facturers and tbe public, to reverse this apparently logical 
state of affairs, and to c^l the brown plate positive and the 
grey plate negative. In order to avoid any possible confusion 
on this subject, tho terms positive aud negative will not be 
made use of in the following descriptions — the terms hrown 
plates and grey plates will be used instead ; they will answer 
equally well, and they certainly are moro accurate. 

When a Plants aooumulator is fully charged the brown plate 
consists of a coating of peroxide of lead in motallio oontaot 
with pure lead. There are thus two substances, which occupy 
widely differeut positions iu the thormo-olectric scale, immersed 
in dilute sulphuric acid. It is then only natural to suppose that 
a considerable amount of local action would be set up between 
them. (The case is exactly analogous to that iu which a piece of 
impure zino is immorsod in tho same liquid.) This local action 
actually is set up when the aooumulator is allowed to rest, and 
sulphate of lead is formed between the peroxide aud the lead 
plate. This sulphate is insoluble in dilute sulphuric acid, and 
as it is an extremely bad conductor it interposes a comparatively 
high resistance between the peroxide and the lead ; local action 
is thus partially checked, and tho aooumulator retams its charge 
for some time, but if the plate be allowed to rest for a sufficiently 
long time all the peroxide becomes converted into insoluble 
sulphate of lead and the accumulator loses its charge. In the 
formation of the Plante accumulator, during tho time of rest 
between the reversals of tho current, this local action converts 
most of tho peroxide into sulphate ; the lead plate is thus bitten 
deeper into by tho sulphate, and at the next reversal this 
sulphate is decomposed and the capacity of the aooumulator 
is correspondingly inc.reased by the exposure of moro active 
material than would have been tho case had the peroxide alone 
been reduced to spongy lead. The hydrogen evolved by the 
! current, acting on tho sulphate, unites with the sulphur and 
oxygen to form sulphur io ooid, which mixes with the liquid, while 
the plate is reduced to the condition of spongy lead. Tliis re- 
action may be expressed chemically by the folio-wing equation : — 

2 H + PbSa = H2SO4 -f Pb 

2 Eydrogm Sulphate ofUad Sulphuric ‘I Spongy lead. 

The action that takes place on the other plate consists simply 
of the combination of oxygen wi^ lead to form peroxide of lead 
— PbOj. 

The formation of sulphate on the brown plate is not then (as 
i might at first be supposed) an eviL It plays two distinct pa^ 
I in the ordinary working of the acoomnlator. The first of these 
[ is to dheok looid action by interposing a comparatively high 
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xetistanoe betwera the peroxide and the lead plate, and thna 
^ enable the aocmmnlator to retain its charge ; and the second 
is to bring an additional amount of brown plate into a position 
where it will be^ chemically acted upon when charging begins. 
It is this sulphating action that bites into the brown plate when 
the a(^umulator is at rest, and which brings the interior of the 
plate into action as effeotive material. If the aoonmulator be 
allowed to rest for a considerable time without charging, all the 
peroxide on the brown plate will become conyert^ ^to sub 
phate, while a somewhat similar state of things wiU exist in the 
case of the grey plate ; sulphate having replaced both the peroxide 
and monoxide. It- must not, however, allowed to remain on 
the plate longer than is absolutely necessary, otherwise it will 
pass into the higher sulphate — Pb^SOfi, which is a very bad con- 
ductor, and which is extremely difficult to reduce by the passage 
of a current. It is the formation of this higher sulphate that is 
meant when the expression ** sulphating** is used in connection 
with accumulators, and it is the most objectionable evil which 
has to be dealt with in the management of an installation where 
accumulators are used. Its causes and remedies will be dealt 
with in a later chapter. 


SANITARY ENGINEERING.— VIII. 

ON VARIOUS APPLIANCES OF GAS TO DOMESTIC AND 
COMMERCIAL PURPOSES. 

GAS BATHS, OR BATHS HEATED BY GAS. 

There are many advantages in heating baths by gas — cloonli- 
noss, os there is no coal-fire, smoke, or ashes ; convenience, as 
the gas can be lighted at any moment, and therefore the bath is 
at onoe available ; and economy, as we shall proceed to show. 

The simplest and perhaps most usual form of gas bath has a 
small cistern, holding a few gallons, communicating by two pipes 
of considerable size with the body of water in the bath, the 
<iuantity of water required being about forty to fifty gallons. 
•The bath must be first filled with water to about tho level of the 
upper pipe before tho gas is lighted. An ingenious arrange- 
ment has been made, by which the double ring of bnmera or 
jets beneath the boiler, and just at the level of the floor, may 
be binged, so as to swing out clear of tho cistern, for con- 
venience of lighting, and then returned to its xdaoo. The 
heated water from the top of tho small boiler passes off through 
tho upper pipe into tho bath, tho cooler water returning to tho 
boiler by tho lower pipe, a complete circulation being thus esta- 
blished. It has been proved by calculation — the gas being 
burnt by meter — ^that forty gallons of water may be heated to 
100*^ Fahrenheit at a cost of twopence. The objections are that 
it is always necessary that tlie bath should bo fall, or nearly so, 
before the gas is lighted, and that a very considerable amovnt 
of steam is evolved during the process, indicating a oortain 
waste of heat, besides entolUng by its presence some amount of 
actual inconvenience. 

To obviate these difficulties several inventions have lately 
been brought out for heating the water to the requisite tempe- 
rature by oiroulation through metal heated surfaces, so that it 
may be disoharged into tho bath at once at the temperature 
required. In those oases the filling of the bath is a gradual 
process, regulated by the apparatus employed and the tempe- 
rature of the atmosphere at the time. Our space does not 
Allow us to describe the mechanical particulars of the methods 
in use, but in some future papers on heating by hot water we 
may probably go more into detail. 

It should, however, always bo borne in mind that it is im- 
portant that the products of gas combustion should never be 
allowed to mingle with the water, as in that case they are 
absorbed in oonsiderable quantities ; and in some instances the 
sulphurous acid will impart a distinot flavour to the water. A 
farther advantage of gas baths is that they may be made per- 
fectly portable, and in houses not provided with the neoeeaary 
oonvenienoe, if i^e gas is only laid on by a flexible tube a warm 
bath may readily be obtained in about half an hoar. 

PATBHT GAS FLOATS, FOB THEATRICAL PVBP08B8. 

Hie use of gae at the foot-lights has for many years obtained 
in our theatres, bat has always hitherto been attended with a 
oertain amoant of danger. The draught of a passing dress has 


sometimes been sufficient to produce a flare of the gas, ihs 
dress has caught fire, and serious aoddeats have been tiie 
result. In like manner a glass will sometimeB suddenly breah« 
without warning, and any one who has seen the rush made to 
turn out the gas will readily appreciate the apprehension to 
which suoh an accident gives rise. Within the last few years, 
however, an invention has been introduoed whioh materially 
modifies, if it doos not entirely remove, all these sonroes of 
danger and inoonvenienee. 

I^e range of Argaud burners composing the float are arranged 
upride down, a wrought-iron flue being provided, into whioh the 
products of oombustion are roooivod and conducted to a speoial 
upcast flue, provided for tho purpose in the oonstruotion of tho 
building. To set tho draught fairly in motion a small burner is 
provided in this shaft, which must be lighted somo little time 
before the burners of the float, to create an updraught ; and 
when this is fairly sot going, curious to say, tho burners are os 
efficient burning downwards as when lighted upwards in the 
ordinary way. Koch burner is liinged to a tap, and supported 
in its position by tho glass alone, which surrounds its own 
special opening in tho wrought-iron flue. When a gloss breaks 
under this system, tho burner falls by its own weight, turning 
itself out by tho motion, and all risk is thus avoided. It is 
usual to provide, a few inches above tho bottom — ^whioh in this 
cose occupies tho position of th(» top of the burner — a covering- 
sheet of thin wrought iron as a further protection; and so 
thoroughly is security obtained, that upon this sheet of iron, 
when all tho burners are lighted, a light cambric handkerchief 
can bo laid, without exhibiting tho slightest sign of scorch- 
ing. Tho advaiitngos are manifest: groat security from fire; 
thorough and complete removal of tho products of combustion, 
a most important matter in connection with the ventilation of 
theatres; and all this without any inorcuso of cost, as tho 
patent float is in every way as thoroughly efficient for lighting 
purposes as those heretofore in use. 

Wo may here Tiotioe an ingenious little oontrivanco for bed- 
room use, to show tho “time of night.’* A gas-burner alight 
all night in a bed-room is apt to produce a certain olosonosa of 
atmosphere, which, if not carried to the point of unhealthinoss, 
is nevertheless very often uncomfortable ; at the same time a 
certain amount of light in a bod-room is always desirable, with 
the object, if no other, of hoijig able to see “ what time it is.’* 

The ordinary gas-brackot is modified in construction by a 
bent arm attach o>l to an angle in the centre of about 90®, and 
at tho angle is placed a jet, so small as to provide only a little 
bead of flame. At tho end of the bent arm is the ordinary 
burner rmd globe ; at the end of tho straight arm is adjusted a 
magnifying-glass, so arranged that when the sleeper’s watch is 
hung against the wall, on a hoolc provided at a proper point for 
the purpose, by a single glance ho can see the time by the light 
given by tho tiny gas jot provided for tlio purpose. The nooes- 
sory fittings cost only a few shillings ; but for invalids, etc., 
it provides a certain comfort at a small expense. 

GENERATION OP STEAM-POWER BY GAS. 

Although not strictly a domestic object, yet in large ware- 
houses and hotels it has boon introduced for what may bo called 
household purposes, lifts, oto. 

Tho method adopted is to introduce a small steam-engine, 
generally of about two-horse power, with a boiler of ordinary 
construction in all roBpc(fl.H but one, and that is, that instead 
of being heated by a coal-fire, tho necessary heat is generated 
by a series of groups of gas- humors fixed below, which may bo 
described as small compact aim-burners, four or five inohos in 
diameter, consuming the gas mixed with a certain per-centage 
of atmospheric air, on tho same principle as we have previously 
described in our paper on Cooking by Gas.” The cost of the 
gas required to work a small steam-engine, as above, has been 
ascertained by e tperimont to bo about sixpence per hour. 

Tho detail ot tho machinery tor tho engine and lift is 
beyond tho scope of our present subjeot, but the ueoessfury 
informatiou can be readily obtained from those conversant with 
similar matters. 

The small engine and boiler together wUl' only occupy about 
fifteen feet superficial of room, and may be taken as costing 
about i6200 ; and we may mention, as a practical instanoe of 
the suooessful application of tho principle, Messrs* Leafs well- 
known warehouses in Old Change, where a lift is worked whioh 



292 


THB TBOHNIOAL EPUOATOS. 


delivers all the goods to the several floors of a lofi^ warohoase, 
doing work which, under ordinarjoirotunatancos and by mantial 
laho^ alone, would require from twenty to thirty men. hi either 
■tcke-hole or other appliances necessary for ordinary steam- 
power are required; and there is this important commercial 
advantage, that the fire-offices charge no extra rate for this 
peculiar description of machine. 

We conclude our series of papers on gas by a notice of an 
enfipino recently introduced, which avails itself of gas as a 
motive-power, but in a somewhat novel manner : we allude to 

HTTGON’S OAS-KNOINE. 

In all our previous descriptions of various appliances of gas 
the gas is burnt in the ordinary way, through burners of various 
forms and combinations, care being always taken where atmo- 
spheric air is burnt in conjunction with it that the mixture 
shall be kept helow that point at which it becomes explosive, as 
it is well known that a certain per-oentago of admixture of gas 
with atmospheric air is oxcossivcly dangerous; and when we 
read of explosion of gas it is never the pure gas that explodes, 
as of itself it does not possess that property, but only acquires 
it when in the combination above mentioned. In the Hugon gas- 
engine, however, this particular explosive mixture is utilised as 
the moving element in the machine. It resembles in its construc- 
tion a small horisontal stoam-ongino. It is usually constructed of 
one or two horse-powor ; and the motion backwards and forwards 
of the piston is obtained by filling either end of the cylinder 
alternately with what may bo termed a charge of gas and 
atmospheric air, mixed in the proper proportions, which is then, 
by the self-acting motion of the machine, brought into contact 
with a lighted gas* jot at either end of the cylinder alternately, 
when oombustion, or more properly explosion, at once ensues. 
No boiler is of course required; the gas has to bo laid on, 
and that is all. The produots of oombustion are almost nit, as 
tbe^ remnant of each explosion is only a small quantity of 
moisture. The motion is regulated by a fly-wheel, as in the 
case of on ordinary stoam-ongino ; and upon the shaft of this 
wheel pulleys can bo fixed, and by means of bands or otherwise 
all the operations of light machine- work carried on — pumping, 
grinding, hoisting, and all cognate processes, requiring only the 
adaptation of the requisite machinery. 

Since the foregoing engine was introduced, however, the use 
of gas-motors has become very general, and their employ- 
ment has been made the study of several specialists, to whose 
treatises those who are anxious to follow up the subject in a 
fuller and more particular manner are referred. 

With the sundry matters included in this paper we conclude 
the subject of gas as a branch of domestic sanitary engineering. 
We have briefly described the process of manufacture, the 
method of meosuromont, and in the series of eight papers upon 
the subject given the detail, as far as our space would permit, 
of the different moohauical appliaucos required for its econo- 
mical use. In some following papers on warming, ventilation, 
etc., we may have occasion casually to allude to the subject 
agam, but for the present we dismiss the subject of gas a 
bsaaoh of domestic sanitary engineering. 


TECHNICAL DRAWING.— XLII. 

DEAWINQ rOE STONEMASONS. 

FAXS-HAND DRAWING FOR STONEMASONS. 

Fig. 885.— -This moulding is called a caveito, the name of which 
is derived from the Latin word coims, “ hollow.'* It is a con- 
cave moulding, the curvature of whose section does not exceed 
the quarter of a circle. Its projection may be equal to its 
height, and should never be leas than two-thirds of it. The 
eavotto, which is the reverse of the ovolo, is sometimes used in 
the bed and crowning mouldings of oomioes. 

The method of drawing the oavetto will not require any ex- 
planation. 

886. — ^Tho Bcotia is a recessed moulding of an elliptical 
section, when properly oonstruoted. It is, however, for general 
poroses formed by the junction of two oironlar arcs of different 
radii. This moulding has an effect just the opposite to that of 
the ovolo or toms, and is sometimes composed, like the latter, of 
a semioirole only. 

, sootia, divide the height of the moulding into 

three equal parte. From any point, ae a, on the line drawn at 


two-thirds from the bottom, draw the quadrant a he s from a cm 
the same line set off a c; from c, with radius c 5, describe the 
quadrant 6 d, which will complete the moulding. 

Fig. 887 is a section of the frequently-used moulding oaQed 
the cyma recta. The exact form of this moulding is, to a certain 
extent, a matter of taste, since the curve may be drawn more or 
less full, the variation being caused by the raii^us with which the 
arcs are struck. The curve most gener^ used is given here» 
and the following is the method of describing it ; — 

Let a and b be the points to be united by the moulding. 
Draw the line a b, and bisect it in c; ^m c and a, with radius 
a c, describe arcs cutting each other in <2 ; from c and b de- 
scribe arcs cutting each other in e ; and from <2 and c, with the 
same radius, describe arcs meeting in c, which will give the 
form of the moulding. If it bo required l^t the lower portion 
of the curve should be more full than the upper, divide tke line 
connecting the two extremities of the section into three equal 
parts, construct an equilateral triangle on the upper third, and 
another on the two lower portions, then the apices (plni^ of 
opea;, the upper point”) of the triangles will be the oentres 
from which the arcs are to be struck. This and several other 
methods of describing various mouldings ore described and illus- 
tratod in Vol. I., page 199. 

Fig. 388 is tbo cyma reversa. In this moulding the curve 
bulges outward at its upper part, and it is hence the reverse of 
the cyma recta. As in the former figure, the exact form is rege- 
lated by the taste of the designer. In this and all the curves 
composed of combined arcs, the greatest care is necessary, so that 
the one may glide smoothly into the other without showing any 
break or thickening in the joining, which materially injures the 
offoot. This has already been referred to, and it will be at once 
aeon how the taste, when cultivated by the study of ornamental 
dravdng, will aid in the appreciation of these forms, which add so 
much to the beauty and graoefulneBs of the building. 

METHOD OF DESCRIBING A RAKING MOULDING. 

Baking is a term applied to such members of a building as 
slope or lie inclined to the horizon . Baking mouldings frequently 
occur in masonry, and the following example will expl^ Hhe 
method of forming them to mitre in a proper manner : — 

Fig. 389. — This is the design of a oornice, having port of the 
moulding level and part inclined, as occurs in the pediment of a 
building. In this drawing a e is the moulding at the angle of the 
break or projection of the pediment. With this moulding given, 
we have to ^d the right section of the og^ in the pediment. 

Let a f and e ef he the two parallel lines which terminate the 
breadth of the raking, or inclined moulding ; and let a h and e I 
be the parallel lines terminating the breadth of the moulding 
which is level. 

At a convenient place draw p t parallel to the edge a k of the 
horizontal portion of the moulding. Between a and e place any 
number of points, as &, c, d, and draw bg, ch, and <2 i parallel 
to a / and e e\ 

At a, b, r, c2, e draw perpendiculars to el, cutting the line p t 
in 7, r, a. 

Now, at any convenient distance, draw a line parallel to afj 
and transfer to it the distances t, a, r, q, p — viz., r\ p\ 

fVom each of these points draw lines at right angles to a j 
and e e\ cutting a/, bg,ch,di, and s s' in A, B, c, D, E. The curve 
traced through a, b, o, d, and x will be ike right section of the 
raking moulding. 

To find the section through the mitre of the two inolinod sides 
where they meet at the top of the pediment, draw t" p*' perpen- 
dicular to 2'' and equal to < p. Transfer the distanoes from 
these to the space between f and p", and draw perpendioulani 
from q", p". 

From /, jr, h, i draw lines at right angles toj e\ and through 
the points where these intersect the perpendiculars — viz., a\ b\ 
c, d\ and s' — draw the curve which will be the common seoUon ot 
the mouldings at their junction at the apex of the pediment. 

The method of constructing simple scales having been given 
in lessons in *' Building Construction,*’ it is not necessary here 
to repeat the instructions ; the subjects in this figure are drawn 
to the scale of half an in<ffi to the foot. It is advisable to draw 
the scale on each sheet, as by measuring from this, instead o£ 
from the rule, the trouble of calculating how many inches so and 
so many of the fractions make is avoided, and general]^ greater 
aoouraey is obtained. 
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As a portiion of the present stndy oonsists of brlokwork, the 
following brief eztraot from lessons in Building Oonstraotioa ** 
is giyen, in order to remind the etndent of drawing for nuusona 
of some partionlars whioh, thinking they did not specially eon- 
oem him» he may hare merely glanood over whilst readi^ the 
leeeons treating of the subject generally : — 

** Bricks may bo considered as artificial stones, and seem to 
have bwn used from the yery earliest period in the history of 
man. Their ayorago size in this country is a trifle leas than 
9 inches long, 4^ inches wide, and 2j inohoa thick. Their uni- 
formity in size enables builders to deaoribe the thickness of walla 
by the number of bricks extending across them ; thus a alight 
brick partition wall, being formed of bricks lying on their broad 
side, with their length in the direction of that of the wall, is 
called a ‘ half-brick thick,' its doi)th from one side to the other 
being 4| inches. A wall in which the length of a brick extends 
through the thickness is called a ‘ onc-brick thick.' A wall 
14 inches through is called a * briok-and-a-htilf thick,’ though, to 
speak more accurately, it would bo 13i indies — that is, 9 for the 
whole brick, and 4^ for the half. An 18-inch wall is said to be 
a ‘two-brick thick,’ and so on.” 

Fig. 300 is the oloyation of the lower part of a window, show- 
ing the window-sill. 

It will bo seen that the wall is built in old English bond, 
and that the stone sill is equal in height to two courses of brick- 
work. The opening of the window is four foot wide ; the brick- 
work covering the ends of the sill to tlio width of two inches on 
each side. It will also bo observed that in order to avoid the 
joint in the courses of bricks at the sides cotning immediately 
over each other (which would occur if two bricks ijloced as 
headers wore placed upon one stretcher), cut bricks, called 
“closers,” are used. This has been explained in lessons in 
** Building Construction.” 

Fig. 391 is the section in A. b, and shows tho manner in which 
the sill is rdopod off, or “ weathered,” and tliroatod undcnioath. 
Both of those terms will bo explained in connection with the 
next figure . 

Fig. 392 is a section of a coinvg. This term is used for the 
series of stones used as the (;appiiig or covering of a parapet or 
wall. Tho name is generally applied to a plain, slightly i)rojeGt- 
ing course, and cornice to a larger moulded coping. 

Copings ai’o worked with a plain horizontal bod, two vortical 
faces, and an inclined or “woathorrad” iii>pc,r surface, either 
forming an obtuse angle with tho inner and narrower face, and an 
acute angle with tho outer wider face, or slanting off from tho 
tuiddlo towards each side, which latter is technically termed a 
** soddlo-bot^k coping.” In both cases tin y aro made to project 
over the wall or parapet on both sides, and in tho projected part 
of the bod, under tho edge or edges towards whicli the inclination 
is given, a channel or groove, called a “ throat,” is out, to inter- 
cept the water in its inclination to run inwards towards tho wall. 
To protect the separate stones of a coping course from tho danger 
of being displaced by high winds or other accidental causes, and 
to form a chain through its whole length, the stones are linked 
together by cramps of copper or iron let intr) thorn and run with 
load. Those metals, however (says Mr. lloskinga), osiMJcially 
tho iron, for tho most part act very injuriuuKly, from their exceed- 
ing Busooptibility of atmospheric chango.s, aiul their greater or 
loss tondonoy to oxidation ; indeed, the si (m<3 invariably suffers 
more than the work benefits from the metal ci’amps. Tenons, 
dowels, joules, or dovetails of stone, or of hard wood, or cast 
iron, applied so as to be protected from tho weather, would 
be for better, and would answer every desired purpose suf- 
ficiently. 

A string course^ shown in plan in Fig. 393, and in section in 
Fig. 394, is meant to protect a set-off in a wall, by projecting 
over its lower face in tbo manner of a coping. 

^ Tbe beds are worked parallel, and tho outer face vertical, or at 
right angles to them, but so much of the outer surface as pro- 
trudes from the wall is “ weathered,” or sloped off to carry the 
water away ; and, for the reason already stated with regard to 
copings, the lower bed just within the outer face is throated. A 
st^g oourse cramped or dovetailed in tho bed forms an excel- 
lent chain around a brick wall, but the part of it in the wall 
should be of the exact thickness of one, two, or more courses of 
the briokwork. The method of drawing these examples ie so 
vary simple, that it is not thought nooessory to give any instroo- 
lioiit on that head* 


SEATS OP INDUSTRY.— XIV, 

COVENTET. 

BT WILLIA1C WATT WBBSTXB. 

A VBW of the leading facts relating to the history of silk 
culture and silk manufacture may not inappropriately preface 
an account of tho city of Coventry, so long a centre of the silk 
manufactures of England. In the Old Testament there ore 
three referenoes to silk as an article of clothing : one in 
Proverbs, which is believed to have been written 1,000 years 
B.c. ; and two in Ezekiel, which dates from about the beginning 
of tbe sixth century before Christ. But silk manufacture can 
be traced book to a far more remote antiquity than the 
Proverbs of tho merchant king of Israel. According to the 
traditions of the Chinese, the roaring of the silkworm and the 
weaving of silk into robes formed part of tho oooupation of 
tho ladies of tho royal household of China 2,700 years before 
the Christian era, and the discovery and utilisation of the fibre 
is ascribed to the consort of one of the celestial emperors. 
The silkworm, indeed, would’appear to be indigenous to China; 
or, to speak more strictly, to Serica or Serinoa, that part of 
India lying beyond the Ganges. “ Seres is the name given by 
the Greeks and Romans to the inhabitants of those remote 
regions,” says Dr. Lardncr, and “it is npw so generally ad- 
mitted that tho Seres of the ancients are the Chinese of the 
moderns, that it is unnocossary to enter into any discussion in 
proof of this belief. Se is tho name for silk in the Chinese 
language; this, by a faulty pronunciation, not uncommon in 
their frontier provinces, acquired tho final r, thus ohan^ng the 
word into scr, the very name adopted by tho Greeks. We can, 
thorofovo, hardly doubt,” ho adds, “that these obtained the 
name, a.y well as the material itself, first from Cliina.” The 
Latin name for silk was sci'icum^ of which silicum is supposed 
to be a corruption. For a remarkably long period the Chinese 
seem to have rotainod a complete monopoly of the cultivation of 
silk, and even of its manufacture. In the time of Aristotle the 
inhabitants of tho island of Cos were in the habit of unweaving 
tho heavy silk fabrics of China, purchased from Persian and 
Pheenioian merchants, and of ro-spinning and re-weaving them 
into lighter cloths. This process is said to have boon invented 
by Pamphila, and to have been tho origin of silk gauze. Alex- 
ander tho Groat brought woven silks to Greece from Persia, 
and in the works of Aristotle, his tutor and friend, is to be 
found an accurate description of tho silkworm. But it was not 
till about tbo year 550 A.P., in the reign of Justinian I., that 
tho cultivation of silk was introduced into Europe by two 
Persian monks who hod visited India as missionarios. “There,” 
says Bobortson, the author of “ Disquisitions on the Commerce 
of India,” “amidst their pious occupations, these monks viewed 
with a curious eye the comtuon dress of the Chinese, the manu- 
facture of silk, and tho myriads of silkworms, whose education, 
either on trees or in hous(?a, had once been considered the 
labour of queens. They soon discovered that it was imprac- 
ticable to transplant the short-lived insect, but that in tho eggs 
a numerous progeny might bo preserved and multiplied in a 
distant climate.” Carrying off a quantity of the eggs of tho 
bombyx concealed in a hollow cane, they returned to Persia, 
and from thonoe sent a communication to tho Emperor Justinian, 
to the effect “ that tho Romans need not any longer be obliged 
to purchase raw silk of tho Persians, nor of any others ; for 
having lived long in a country called Sorinda, they now assured 
him that, although the origin of raw silk was till now a secret 
from tho West, it proceeded from certain worms taught by 
Nature to spin it out of their own bowels ; and that though it 
was impractioable to bring those worms so far alive, yet it 
would easy to procure their bogs, which would produce the 
worms.” Justinian took the manufacture into his own hands, 
and appointed the monks to superintend the rearing of the 
worms. Shortly after this period silk culture was established 
in Qrooce, and especially in Peloponnesus, and a great trade 
was oarri^ on in silk goods by tho merchants of Venice, who 
formed tho channel through which the silk produce of Greeoe 
was transferred to the west of Europe. In 790 Charlemagne 
sent two silken vests to Offa, King of Meroia, as a present. 
Tip to the middle of the twelfth century the far East, Constan- 
tinople, and Greeoe were the sole sonroes from which silk was 
supplied. It was in 1146 that Roger n.« King of Sicily, having 
oonqiaerod Greece, broaght to Pelermo a band of ptismmts who 
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had in tbdr own oonntry been employed in rearing^ and weaving 
eilky-and by their means laid the foundation of this indnetry 
in Italy, tram whence it aabseqnently spread to France 
Spain. 

At fhe marriage of Margaret, daughter of Henry HI. of 
England, with Alexander m. of Scotland, in 1251, 1,000 
English knighta dad in silken raiment were present ; but iheir 
robes must have been spun and woven, if not made, abroad, as 
several oenturies had to elapse before any silk maniifaotare was 
established in Britain. About the beginning of the dfteenth 
century a company of silk- women was established in London, 
and in 1455 an Act of Parliament was passed which, ** upon 
the heavy complaint of the women of the mystery and trade of 
silk and thread workers in London, that divers Lombards and 
other foreigners enriched themselves by ruining the said mys- 
tery,” directed “ that no wrought silk should be brought into 
England by way of merchandise for five years to come.” 
During the reign of Mary, every one below the dignity of a 
magistrate was prohibited, under the penalty of three months* 
imprisonment and a fine of ton pounds, from wearing **Bilk 
in or upon his or her hat, bonnet, or girdle, scabbard, hose, 
shoes, or spur-loather.” Nnmorous sumptuary and protective 
laws were subsequently passed which materially affected the 
progress of the silk trade and manufactures in England. It was 
in the reign of James I. that the weaving of broad silks was 
first commenced in this country, and by 1629 this branch of 
industry had increased to such proportions that the silk 
throwsters of London were incorporated. But tho silk manu- 
factures of England never attained any great importance until 
after the revocation of the Edict of Nantes. In the year 1685 
a large number of French Protestant refugees, including many 
skilled silk-weavers, settled in Spitalfiolds, London. These 
foreign artisans introduced the manufacture of alamodes, 
lustrings, brocades, satins, velvets, and other fabrics that 
previously had to be imported. Tho next important stop in 
the history of the English silk manufactures was the erection of 
a groat silk-throwing machine on tho Derwent, in 1719, by Sir 
Thomas Lombe, of Derby, and his brother John, oonstruoted 
from drawings which tho latter had surreptitiously obtained at 
Leghorn, then the principal centre of the Italian silk trade. 
In 1715 John Lombe went to Leghorn to observe tho silk 
machinery in use there, and, if possible, to bring the secret 
homo with him to England. Finding that ho could not obtain 
any useful knowledge by watching tho machinery during tho 
hurried visits strangers were allowed to make to tho mills, 
Lombe, who was a very young man, disguised himself as a 
youth out of employment, and with the assistance of the priest 
who acted as confessor to the proprietor of tho works, and 
whom Lombe is believed to have bribed heavily, ho got an 
engagement to attend a spinning-engine called a *‘filatoe.” 
Concealing his dark-lantern, tinder-box, and mathematioal 
instruments in a hole bolow the stair where ho slept, Lombe 
night after night made drawings of tho different parts of tho 
machinery, which his priestly accomplice handed over to tho 
Italian agents of tho Messrs. Lombe, for transmission to Eng- 
land in bales of silk. When the whole of the machinery was 
oarefnlly drawn, Lombe got on board a ship, and although his 
flight aroused instant suspicion, and an Italian brig was des- 
patched to intercept him, he arrived safely in England. There 
is a tragical story told of hi^ death,*’ says Lombe’ s biographer, 

which is likely enough to be true. It is said that the Italians, 
when they heard of the whole affair, sent over a female to 
England to poison him. Lombe had brought over with him two 
ItoIianB, who were accustomed to the moniidacture he had risked 
■o much for. The woman succeeded, through the means of one 
of them, in administering a deadly poison.” 

Sir liiomas Lombe received a patent for his silk machine, 
and although, on the expiration of the patent, Parliament 
zefused to renew it, he obtained a sum of j 614,000 ** as a con- 
sideration for the eminent services he had done in discovering, 
in introducing, and bringing to full perfection, at his own 
expense, a woifk so useful and benefioial to the kingdom.” But 
however profitable tins undertaking may have proved to Sir 
Thomas Lombe, the best authorities are agrood that the 
establishment of throwing maohinet was indire^ly one of the 
most formidable obstacles to the development of the silk manu- 
factures of this oountry, as the existence of throwing-mills was 
i Po aea rf nHy urged for nearly a oentoxy as a snffioient reason for 


levymg oppressive duties on thrown or organsint silk. 
yet it can hardly be doubted that the silk manufactures of 
England have been largely indebted to the enterprise and the 
sharp practice of the Lombes. 

It is impossible to fix the precise date when spinning and 
weaving were first introduced into Coventry, but the local 
annals of the city prove that it was oelebrat^ for the maon- 
faoture of oloth caps and bonnets, and a kind of thread known 
as ” Coventry true blue,” early in the sixteenth century. From 
1581 till 1694, when the Turkey trade was destroyed, the 
manufacture of woollen broadcloths of various descriptions was 
the staple trade of the town. It is not improbable that the 
ribbon trade was carried on in Coventry at tho latter date, or, 
at least, shortly after, as in 1705 we find that William Bird, 
silkman, was mayor of the city. It is supposed that several of 
the silk weavers who airived in England in 1685 settled down 
in Coventry, and laid the foundation of its ribbon manufactures. 
At first this industry was oarriod on upon a small soale, and it 
was only by degrees that Coventry rose to be the oMef em- 
porium for ribbons in England. 

Tho silk-trade of Coventry has passed through many vicissi- 
tudes, it having been affected, not only by the ordinary oalaml- 
ties that depress other trades, but also by changes in the 
fashions, and other causes pooulior to itself. About a century 
ago, the manufacture of watches was introduced into Coventry, 
and 80 greatly has this industry prospered, especially during 
the past half-century, that a greater number of watches are 
now annually mode in this oity than in London. It is, how- 
ever, as the centre of tho cycle trade that Coventry has reached 
tho highest point of its prosperity. 

Coventry is situated on tho Shorbomo, an affluent of the 
Avon, 85 miles N.W. of London, and 18 i miles S.S.E. of 
Birmingham. Tho name would seem to denote that tho oity 
took its origin from a convent, but of this no authentic proctf 
can bo given. It is believed, however, that Loofrio, Earl of 
Mercia, and his wife, tho celebrated Lady Godiva, founded a 
Benedictine monastery there about tho year 1044. The story 
of Lady Godiva, which is first mentioned by Matthew of West- 
minster, in 1307, or some two hundred and fifty years after tho 
time when that lady lived, may be purely legendary, but it has 
contributed to spread tho fame of Coventry abroad through 
tho world, at least as much as its cycles and watches. Hculp- 
tors, painters, and poets havo so frequently illustrated tliis 
fictitious or ri!al incident in tho liistory of Coventry, that it is 
unnecessary to repeat tho details of tho story here. Every 
third year tho memory of Godiva’s devotion to tho people is 
still colnbrated at Coventry by a procession, and up till tho 
passing of the Municipal Boform Act the ceremonial was graced 
with tho presence of tho mayor and corporation in their offloial 
robes. It was not a feat suitable for reolistio representa- 
tion, and wo arc not sorry to hear that the procossion is losing 
favour with tho inhabitants. In this connection it may be 
mentioned that Coventry was celebrated in tho fifteenth cen- 
tury for the religious mysteries or plays performed there by 
the Grey Friars in the presence of tho kings, who then resided 
in the city, and also for the gorgeous pageants and processions 
that its inhabitants indulged in. Several parliaments wore 
convened at Coventry by the ancient kings of England j one held 
in 1404 being known as the parliarnentum indoctwnt from the 
fact that lawyers were prohibited from taking part in its pro- 
ceedings; and another which sat in 1459 was called parlta*nen.iwwi» 
diaholicum, on account of the number of acts of attainder passed 
by it. The oity was incorporated by Edward III., and the first 
mayor was chosen in tho year 1345. Coventry now sends 
only one member to the House of Commons. In Roman 
Catholic times it possessed a large and handsome cathedral, 
which was destroyed in the time of Henry VIII. During the 
civil war of seventeenth century Coventry was conspicuous 
for the support it gave to the Republican cause. 

The more modem quarters of tho town of Coventry are well 
built and regular, but it still preserves several narrow and 
crooked streets, with houses in the style of the fifteenth and 
sixteenth centuries, composed of heavy wooden beams filled in 
between with bricks and plaster, and in some oases having 
peaked upper storeys, projecting far over tho under-floor, and 
darkening the thoroughfare. Great improvements have beei^ 
effected in the city within the past few years. Among the most 
remarkable of the public buildings are St. Michael's Church* ^ 
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rQaatorpleoe in the lig’htor Gothic atyle, with nnmerons windows 
filled with ancient stained jylaas, and having a fine spire 363 feet 
high ; Trinity Church, with a spire 237 feet high ; and Christ’s 
Church, a modern bnildiug, attached to the elegant spire of the 
Grey Friars Monastery, 'rheso are the “ three taU spires ** of 
Coventry. St. Mary’s Hall, erected in 1450, also deserves 
notice, as it is one of iho finest specimens of the ornamental 
work of the fifteenth century in England. Tlio roof of this hall 
is finely and grotesquely carved, the walls arc hung with 
ancient tapestry, and it is lighted by a great pointed window. 
The cljaritohlo institutions of Coventry are numerous and well 
endowed. Of thosjo we may note Sir Thomas White’s charity, 
founded in the reign of Henry VIII., which possesses an annual 
lerenuo of between Jg2,000 and i;3,00(>; the Bablake Men’s 
Hosjdtal, with estimated income of -451, .500; and the Bablake 
Boys’ Hospital, with an income of about i5940. It has also a 
Free Grammar School and sevoral charity schools. In ancient 
times Coventry was surroundoii by walls three miles in oircum- 
foronce, and throe of the gates and a portion of the walls still 
romain standing. Around the city there are 2,300 acres of 
common land, on which each of the freemen has a right to 
pasture three cows. 

MINING AND QIJA11RYING.--XI. 

BY GEOBGB OLADSTONB, F.C.8. 

IRON. 

OIBMENB’ IlEGBNEBATIVa OAS-FUBNACE — BESSEMER PROCESS 
OF rTJJ>DI.INa — PIG-BOILING — THE FOIIGE — MACHINES FOB- 
SQUEEZING AND JIAMMSBING THE PUDDLED BALL. 

It was soon in the last article that paddling, as ordinarily con- 
ducted, is both on expensive and laborious process. We have 
now to speak of some very different arrangements which arc 
coming into more general use, by which some of the objections 
to the old process arc more or loss obviated. 

First, wo must consider the adaptation of Mcasrs. Siemens’ 
regenoriitivo gas-furnaoo to this operation, by which some sub- 
stantial advantages ore gained. The first of those consists in 
economy of heat. In the ordinary puddling-furnace there is a 
groat waste of this, us is suflioiontly Gvi(bnced by the flames 
irtsning from the cliimneys, which at night may bo soon illumi- 
nating h 11 tlio country round ; but in Messrs. Siemens’, the heated 
gases pass from tho hearth to iho regenerators, so as to do double 
duty, the heat being so completely utilised that tho flue always 
remains cool. 

The arrangement adopted is shown in Figs. 11 and 12. Tho 
gas-produoor and tho regenerator are situated below, a and b 
being tho ch'innols for tho passage of tho heated gas to and 
from tho hearth c, which is provided with water-bridges, D D, tho 
overflow from which passes into tho tank K. A current of air 
passes through tho apertures F F (Fig. 11), over the water in tho 
tanks ; and this, oouplod with the ovay»oration of the water, keeps 
tho iron plate forming tho bottom of tho licarth cool, g, o are 
ovens for heal^ tho iron for the next charge, preparatory to 
its being put in tho hearth, by which a considerable saving of 
time and heat is effected, loss than one hour being sufficient for 
tho whole operation. Secondly, the reduction in time probably 
accounts partly for the foot that there is no loss of metal in 
puddling by this process ; while tho facility with which the gas- 
flame can ho made either reducing or oxidising at pleasure, 
reduces tho chancre of loss to a minimum. Ono of those fur- 
naces, in eighty heats, has actually returned more puddled 
metal than tho pig-iron supplied, tho actual figures being 
38,808 pounds, against 38, CCS pounds. Now, as tho weight of 
the impurities removed will bo something con sidoiable, even 
allowing for no loss of iron at all, it is evident that something 
more than this must bo supplied by way of compensation from 
the oxide used in fettling. By tho ordinary process no account 
is taken of any such gam, us the net result always shows a 
oonsiderabio loss. 

A third advantage which has been incidentally alluded to is 
the reduction ot tune, or, to put it in another form, a reduction 
of labour ‘ eighteen boats have been turned out from three 
lurnnoos in twenty-four hours, against twelve, which is the full 
work of the ordinary fomaoe. Lastly, tlie qoaUty of the produce 
IS superior, as there is no risk of any impuritiea hAin g eavried 
by the draught from tho fuel to hearth. 


An altogether different process must now claim our attention. 
It is oommonly known by the name of the inventoTf Sir H. 
Bessemer. The principle which lies at the foundation of it is 
that of raising the iron to a very violent state of ebullition, by 
forcing air through the molten metal, and thus bringing every 
particle of it in contact with the oxygen. It was attended at 
first with numerous practical difficulties, but these have been 
overcome in time, aud the process is now very largely used. In 
the course of a few minutoa the puddled iron is obtained from 
the crude pig, without tho intervention of tho puddler, the whole 
being done by machinery, which only requires the attention of 
one man. 

The important parts of the apparatus required are the con- 
verter, a hydraulic machine for moving it, and a blowing engine. 
The form of the converter will be best understood by a reference 
to Figs. 13 and 14, which represent a vertical section and an 
elevation, showing the trunnions upon which it swings, and the 
arrangement for introducing the blast. The converter is an 
ellipsoid vessel of iron of about ] 5 feet in height, consisting of 
two separate portions firmly bolted together. The lining, c, has 
to be renewed from time to time, generally after seventy-five or 
eighty charges, and for this purpose the bolts have to be un- 
screwed. The lining consists of “ ganister,” ground fine, 
moistened, and rammed down hard npon tho iron frame; it 
must bo carefully dried, and any cracks that may appear made 
good before using, b, b are twyers (generally seven in number), 
which are made of firo-brick, pierced with small holes ; these 
have to be renewed about every third time. The blast is brought 
to them through the pipe A A, passing through ono of tlie 
trunnions, which is made hollow for the purpose; by this 
arrangement the blast can be continued whatever may be the 
|) 08 ition of the converter, tho essential importance of which will 
bo seen presently. The hydraulic engine for moving the con- 
verter is eonnooted with the opposite trunnion at d, so that 
the man can work it from a dist^oe. 

Tho charge of pig-iron (4 to 5 tons) is, introduced into tho 
converter in a molten state ; it might bo run direct from tho 
blast-furnace, but practically it is more convenient to re- 
molt tho iron for tho purpose. In receiving the charge tho 
convertor is thrown into a horizontal po.sition, with the mouth 
B turned upwards, and while the vessel remains thus tho iron 
will rest upon its side without toucliing the twyers. The blast 
is then turned on, and the convertor raised again to the vertical 
position, when the iron will cover the twyers to about the depth 
shown in tho drawing ; but had the blast not been supplied first, 
the iron would have got into the twyor-holos end choked them 
up. The iron immediately begins to boil violently, filling the 
whole converter, and throwing out from the mouth a shower of 
burning sooriiB and iron. In about a quarter of an hour or 
twenty minutes tho whole of the carbon has been burnt, and 
the silicon and earthy matters separated ; the iron now, idmost 
as limpid as water with the intensity of the heat evolved, being 
ready to be poured out into the moulds. For this purpose the 
converter has again to be tilted over, the blast being kept on 
in full action (at a pressure of from 25 to 30 lbs. to the square 
inch), until tho twyers are above the surface of the metal. 

The loss in weight during the process (including the prepara- 
tory molting) amounts to about 22\ per cent., so that in this 
respect it is not economioal ; a good deal of iron is, however, 
thrown out of tho converter in th^ shape of sparks, which is of 
course recovered. The separation of the silicon seems to be 
almost perfect, and the carbon also is mnch more thoroughly 
removed than is practicable by the ordinary process ; unfortu- 
nately, however, the sulphur and pbosphoms are not affected to 
any approciablo extent, so that the Bessemer iron retains the 
most deleterious of all the impurities. This one oiroumstanoe 
has rendered the process inapplicable to the common pig-irons, 
and has practically limited it to those made from the hmmatitea 
and other very fine ores. It is therefore principally valuable in 
the manufacture of steel, and will have to be referred to again 
when treating of that article. 

Some iron-masters substitute ** pig-boiling” for the refining 
and ordinary puddling ; one operation thus suffices instead of 
two, but eoouomioally ^ere does not seem to be much difference 
in the reeult. The fomaoe is made npon the type of that for 
puddling, except that the hearth is deeper; some cinder is 
added to the charge of pig-iron, and a h^her temperatore is 
employed. There is a more violent aotiou in the giving off of 




MINING AND 

the oarboaic acid, which has girea rise to the name adopted, 
but otherwise the process is very similar. 

Several iron-mahers have proposed apparatus for saving 
xuauT^ labour in puddling ; but the plan which has promised 
best is that of^Danks, of Cincinnati, whose revolving puddling 
fumaoe has been adopted by some of the hhtglish firms. Some 
praotical difilculties have only gradually been overcome, and it 
may now be considered a success. 

We must now consider the treatment to which the puddled 
ball is subjected, in order to convert it into bar or sheet iron. 
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great variety of forms, but mainly referable to two distmot 
types. The simpler will be readily understood by a refereuoe to 
Kg. 16. The puddle-ball, while yet quite hot, is placed upon 
the iron plate B, and at every revelation of the fly-wheel, which 
is driven by steam, the massive upper jaw A comes down with 
great weight upon the ball, forcing the particles of iron into 
close contact, and at the same time expelling any cinder that 
may be mixed up with it. The jaws are very commonly grooved 
or toothed, rendering them eminently suggestive of those of a 
I crocodile, so that this form of squeezer very generally bears that 



The part of the establishment to which we now pass is called ! name. All that the shioglor has to do is to move the ball in 
the forge. The ball, as may readily be imagined from the • the intervals of pressure, ho that all parts of it may be tho* 

description of its preparation given in the last article, though i roughly acted upon. The machine can be driven at groat speed, 

consisting of malleable iron, is far from being a solid mass, and j ao as to give the jaw from eighty to ninety actions per minute, 
amtains more or less of the cinder mixed with it. This has 1 As much as 100 tons of iron will pass under one of these 
lite^y to be beaten and omAed out. | squeezers per week. By a slight modifleation of the arrange- 

ine forge oontains a variety of hammers, squeezers, and j rnent,, a double-acting machine can bo mode j the beam o behog 

*®ll®*^of great weight and power. Opinion is divided as to the ! armed with another jaw on the opposite side of the pivot D, so 
wspeottvo merits of hammering and squeezing, and both plans j that two balls may bo squeezed at the same time, 
o^tinue in such general use that they cannot bo passed over : ) Hie other form of squeezer is made upon the principle of 
i^^ oase the process is termed “ shingling, and the work- j oompelHng the ball to pass between roUers, which approach 

closely as they complete their oirouit. Tha 
ne will consider first the squeezers, of which there are a i horizontal rotary squeezer consist, for instance, of an iron dmoit 
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0pen on one side» with an iron cylinder within, which tome upon 
j/oentre elightly differing from that of the drum itaelf. The 
epaoe between the cylinder and the drum will therefore be leM 
in one part of the circuit than the other. The puddled ball o ie 
ineerted at a (Fig. 16), and the revolution of the cylinder, which 
ie armed with small teeth, carries it forward in the direction of 
the arrow through the narrower portion, and ejects it at b in a 
highly compressed state. 

Other shingling machines are so constructed ^t the maes of 
iron f p-lia down between three or more revolving cylinders, so 
arranged and of such form that the space through which the 
ball passes in its descent is constantly narrowing ; the action 
upon the metal is similar to that of the rotary engine, the 
d^erence consisting in the mechanical arrangement. 

The use of hammers is of older date than the first adoption of 
squeezers ; but we have deviated from the chronological order 
because of some modem inventions, which enable pieces of iron 
to be forged, by means of the hammer, of a size never before 
attempted. 

The older forms are called tilt-hammers and helves. The 
former consists of a long beam working on a pivot, to the longer 
arm of which is attached a head, below which lies the anvil. 
The hammer is driven by a wheel furnished with cams, which, as 
they revolve, press down the shorter arm and raise the hammer- 
head. These are generally of comparatively light oonstmotion, 
and are worked ut u considerable speed. 

The helve is a much more ponderous instrument ; the beam is 
made of cast-iron, to which is fitted a wrought-iron hammer- 
face, the two together weighing ordinarily from 3 to 5 tons, 
but up to 10 tons in some instances. The beam works upon 
a pivot at the extreme end, and is Jifted by a wheel, the 
cams of which lay hold of a projecting portion immediately 
adjoining the hammer-head. These have* a less length of 
stroke, and work more slowly, rarely exceeding one blow 
every second, but their great weight renders them very efrectivo 
instruments. The hammers ore indeed considered to turn out 
a better article than the squeezers, but they ore worked at 
greater expense, the wear and tear of the head and the anvil 
being very great. Those, indeed, seldom last more than a week. 

The most powerful instrument of all, however, is the steam- 
hammer, with which Nasmyth’s name is naturally associated, 
though other inventors have patented modifications of the same 
principle. The hammer-head is attached to the end of the 
piston-rod, and is raised and lowered by the direct action of the 
steam in the cylinder. So well-known a machine does not 
require detailed description here, beyond pointing out its special 
advantages in connection with the forging of iron. When a ball 
of metal is put under one of the other hammers, it is subjected 
not merely to a heavy, but at the same time sharp blow, and no 
means exist of regulating the force of it except at a loss of 
power : whereas in the steam-hammer the force can bo applied 
as gradually as the workman pleases. An imperfectly puddled 
ball will thus fly to pieces under the blow of a helve, which will 
not suffer under the more gentle, though not less efficient, 
action of the steam-hammer. It is now almost universally 
adopted in the very largest forgings. 

NOTABLE INVENTIONS AND INVENTORS. 

XVni.-GLASS.MAKING. 

BY JOHN TIMBS. 

In tile whole range of human invention it would be difficult to 
point to a more ingenious or interesting result than the manu- 
facture of gloss. Although perfectly transparent itself, not one 
of the materials of which glass is ma4e partakes of that quality ; 
a combination which may, at the period of its invention, have 
been as astounding as the identity of carbon and the diamond, 
established by the ohemioal philosopher of our time. 

Glass was long considered to be a strictly chemical combina- 
tion of its ing^ionts ; such, however, is not the case, the 
alkali in common glass being in a very imperfect state of com- 
bination, and the free alkali being obtainable from it. Faraday 
considered glass rather as a solution of different enbatanoes, one 
in another, than as a strong ohemioal compound ; and that it 
owes its power of resisting chemical agents generally to its 
perfectly compact state, and the existence of an insoluble and 
naohan^ble film of silioa, or highly silioated matter, upon its 
mittMO, C* Bakerian Leotm,*' 1880.) 


The origin of glass is uncertain. It is reputed to have been 
discovered by accident. This inference is strengthened by the 
fact that it is scarcely poesible to excite a fire of sufficient beat 
for metallurgical operation without vitrifying parte of the 
bricks or stones of the furnace. Of euoh imperfect vitrification 
the ** glass ” occasionally dug up on the sites of buildings de- 
stroyed by great oonflagmtions is a specimen. (Apsley Pellatt, 
on “ Glass-making.”) Josephus claims the discovery for the 
Israelites. Herodotus and Theophrastus confirm the foot of 
the use of glass having been known in the earliest periods of 
civilisation, and of the establishment of glass-works in Egypt 
and Pheenioia, and even in India, where rook-crystal was em- 
ployed in its composition. Glass is mentioned in the Book of 
Job : ** Hast thou with him spread out the sky, which is strong, 
and as a molten looking-glass but this expression may have 
been intended, in the original Hebrew, to refer to the metallio 
speonlnm. 

To the Phoenicians was long ascribed the discovery. It is stated 
by Pliny that “ some mariners who had a cargo of natnm ” — 
(salt, or, as some have supposed, soda) — “on board, having 
landed on the banks of the river Bolus, a small stream at the base 
of Mount Carmel, in Palestine, and finding no stones to rest their 
pots on, they placed nnder them some masses of natmm, which, 
being fused by the heat, with the sand of the river, produced a 
liquid and transparent stream : such was the origin of glass.” 
However this may have been, the sand which lay for half a mile 
round the river was peouliarly well adapted for the making of 
glass. The Sidonians, in whose vicinity the discovery was 
made, took it up, and in process of time carried tlie art to a 
j high degree of oxcollonco ; they are even said to have invented 
glass mirrors. It is at the same time a curious fact in the history 
of discovery, that the monnfaotnro of glass was, not many years 
since, unknown at Sidon, whore it is reputed to have been first 
manufactured. Anciently, however, Sidon was famous for its 
glass. The above account by Pliny is, in substance, corrobo- 
rated by Strabo and Josephus. Upon thp above discovery 
Cuvier eloquently says : — “It could hot be expected that those 
Phoenician sailors who saw the sand of the shores transformed 
by fire into a transparent glass should have at once foreseen 
that this now substance would prolong the pleasures of sight to 
the old ; that it would one day assist the astronomer in pene- 
trating the depths of the heavens, and in numbering the stars of 
the Milky Way ; that it would lay open to the naturalist a 
miniature world, as populous and rich in wonders as that which 
alone seemed to have been granted to his senses and his eon- 
templation ; in fine, that the simple and most direct use of it 
{ would enable the inhabitants of the coast of the Baltic Sea to 
build palaces more magnificent than those of Tyre and Memphis, 
and to cultivate, almost under the polar circle, the most deli- 
cious fruit of the torrid zone.” 

Upon no branch of invention have the i*e8earche8 into Egyp- 
tian antiquities thro^vn a stronger light than upon glass-making. 
Thus the discovery of a glass bead, with the name of a 
Pharaoh of the eighteenth dynasty, proves glass-blowing to 
have been known upwards of S,200 years ago. Sir Gardner 
Wilkinson found at Boni-Hassan two paintings of glass-blowers 
at work, and from the hieroglyphics accompanying them, they 
are shown to have been executed before the exodus of the ohil- 
dren of Israel, 3,500 years ago. In the same age the proper 
proportions of the ingredients for making glass were known. 
Lastly, the glass bead already mentioned is of the same speoifio 
gravity as our crown-glass. This relic Captain Hervey found at 
Thebes, and it bears the name of a monaroh 1,400 years before 
Christ. Such was the skill of the ancient Eg3rptian8 in glass- 
making that they successfully imitated the amethyst and other 
precious stones. Winckelmann, a high authority, is of opinion 
that glass was employed more frequently in ancient than in 
modem times. It was used by the Egyptians for coffins ; they 
also employed it not only for drinking-vessels, but for mosaic 
work, the figures of deities and sacred emblems on which were 
of excellent workmanship and superior briUiancy of colour. 
Wilkinson states that the Egyptians were always celebrated for 
their skill in glass manufacture : “ Natron, or subcarbonate ol 
soda, a native production in different parts of the country, was 
the very substemee most likely to lead to its invention, or rather, 
to its accidental discovery ; and it is far more reasonable to sup- 
pose that glass would have been made where natron abound^ 
than from a fire accidentally lighted on the eeanffiore by ■cme 
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PhCBnioianB who h&ppened to be oaoryingr a cargo of natron/’ 
(** The Egyptians in the Time of the Pharaohs/* p. 86.) 

It would be reasonable to suppose that the Hebrews brought 
glass and a knowledge of its manufacture out of Egypt, were 
not the e'ridenoe of history so explicit that it was actually die* 
ooTered and wrought at their own doors. 

Archimedes is stated to have constructed an orb of glass for 
Boientifio purposes. Layard found, among the ruins of Nineveh, 
a microscope glass, a perfect goblot, which, from the characters 
on it and the locality in wliich it was found, is believed to be 
of the date seven oonturies before the Christian era, and is pro- 
bably the most ancient piece of manufactured glass in existence. 

Beads which ornament mummies are not composed of glass, 
but of earthenware glazed. There can, however, be but little 
doubt that the Egyptians were well acquainted with the ma- 
terials for making glass, or rather, with the metallic oxides for 
colouring it ; since among the tombs of Tliobea have been dis- 
covered small solid pieces of glass, or a turquoise, supposed to 
have been used for glazing the earthenware beads and figures. 
Fragments of blue, white, yellow, and green glass have likewise 
been found — possibly made by tho Greeks and Eomans who 
conquered Egypt. Tho manufacture of glass was long carried 
on at Alexandria, from which city the Romans were supplied 
with that material ; but before the time of Pliny tho manufac- 
ture had been introduced into Italy, France, and Spain. Glass 
utensils have been found among tho ruins of Herculaneum and 
Pompeii, where gloss was used for windows. The Pompeian and 
Roman architects used glass in their mosaic decorations ; such 
as hove been found among the ruins of fche villa of the Emperor 
Tiberius, in the island of Capri, and are to be seen on the 
tomb of Edward tho Confessor, in Westminster Abbey. Most 
of the large, greenish glass cinerary vases in tho British Mu- 
seum, found in Roman barrows, and which contained bones and 
bone-ashes, arc probably the production of extensive Egyptian or 
Roman works ; the glass is somewhat impure, and is not unlike 
the modern common crown or sheet glass in quality. Although 
remains of ancient Roman potteries have been exhumed in Great 
Britain, it docs not appear that any traoes of subterranean 
glass-honscs or works have been discovered. Strabo relates 
that a glass-maker of Alexandria informed him that an earth 
(probably manganese) was found in Egypt, without which tho 
valuable oolourod glass could not be made. It is also related 
that the Emperor Hadrian received, as a present from an 
Egyptian priest, several costly glass cups, sparkling with every 
colour. 

During the reign of Nero, groat improvements were made in 
Roman glass. The clear glass which bore the nearest re- 
semblance to crystal was so highly valued, that Nero is stated 
to have given, for two cups of no extraordinary size, the almost 
incredible sum of 6,000 scstortia, or nearly .£50,000. Tho 
fired glass was in such extonsivo use in tho time of Pliny, as 
to have almost superseded oups of gold and silver. Hence tho 
manufacture ohiefiy of vessels of glass to imitate precious 
stones, out by the lathe by Roman artists, or Greek artists 
resident in l^mo, in the style of camcoa in relief. In tho 
British Museum are preserved many fragments of vases and 
white opaque enamel glass, upon blue and amethyst trans- 
parent grounds, supporting the probability of the above opinion. 
White crystal gla^, without lead, out to ipiitate rock-crystal, 
was also then known ; and a few pieces of such glass of Roman 
manufacture have been found, their specific gravity being only 
2‘049, whereas flint-glass of the usual density is about 3*200 
to 1*000 of water. Subsequently, other pieces of glass wore 
exhumed in the city of London, considered to be ancient Roman 
— one small piece of 2*600, and another 3 144 specific gravity. 
Trade secrets in the preparation of glass for gems most likely 
existed in ancient times ; for very little has been written by 
Egyptian, Greek, or Homan authors on the chemical constituents 
of glass gems, or cameo-engraved vases. Glass in solid pieces, 
Bttoh as gems and mosaics, was probably manufactured in small 
glass-houses. The glass-makers of Rome had a street assigned 
to them in the first region of the city ; a tax was also laid upon 
them by Alexander Sevems, whi^ existed in the time of 
Amlins, and probably long after. This was a sort of ancient 
eixoise, which is thought to have been one of the causes that 
tmasfinnted the glass manufacture to Venioe. Glass was em- 
ployed by the Homans as an ornament in their palaoes, in 
dwirarating their aitars» and for a pious oflering in the tombs of j 


tho dead. Many fragments have been found in tho catacombs, 
Bhowmg it to have been used likewise by the early Christiami 
in their places of worship. In tho reign of Tiberius, a Homaa 
artist had, according to Pliny, his home demolishod for 
gloss malleable. This secret is stated to have beon^roSS 
covered at St. Etienne, in France, in 1845, when glass was made 
08 malleable when cold as when first drawn from the pot j by 
combining silicon with other substances, it can bo obtained 
op^ue or transparent as crystal, very ductile, neither air nor 
acids acting upon it. Professor Schconboin (who invented 
gun-cotton) n^e also of paper-paste window-panes, vases, 
bottles, etc., impermeable to water, which may be dropped 
on the ground without breaking, and ore perfectly transparent. 
In a Homan villa discovered at Boxmoor, Horte, has been 
found a piece of window-glass of greenish hue, and about three- 
sixteenths of an inch in thickness ; its flat under-surfoco, and 
its hammered upper-surface, show this glass to have been 
manufactured by pouring it in a state of fusion upon a stone 
slab, and flattening it by repeated blows with a mallet. 

The art of manufacturing glass into such ornaments as beads 
and amulets was certainly known to tho Druids, and glass 
vessels wore made by tho Anglo-Saxons. Near Aberfrau 
Palace, in Wales, havo been found Druid holy snakes, used as 
a charm to impose upon the vulgar; they are about half as 
wide as our finger-rings, but much thicker, and of various 
colours. Roman glass, with projecting pillars on tho outside, 
and smooth interior, have been found in London ; these pillars 
havo boon formed partly by moulding, and partly by rapid 
rotation, increasing tlie projection, on tho principle of centri- 
fugal force. Other Homan specimens of this kind are to bo seen 
in tho Musoum at Boulogne-sur-Mer. ** English glass-makers,” 
says Mr. Pellatt, until this discovery, “oonsidorod the patent 
pillar (as it is called) to be a modern invention. A Roman 
vase thus made, and a complete spocimou of pillar-moulding, 
are to be seen entire at tho Polyteobnlo Institution.” 

Tho Aggry beads of Ashanteo were found by Mr. Bowdioh in 
that country, but the art of making them is entirely lost. Most 
of these beads appear to havo been coloured in thoir layers, 
afterwards twisted together in a spiral form, and thou cut across ; 
also from different coloured clays, rakod together without 
blending. How tho flowers and patterns in the body and on the 
surface of tho rarer beads had boon produced, cannot bo so 
j well explained. In 1847, there wore dug up at Cuddosdon, the 
I episcopal palace of tho Bishop of Oxford, two small vases, 
of pale blue transparent glass, tho pattern boing produced by 
thick threads of glass applied to tho surface while molted; 
these vessels ore conjectured to be of the Saxon period, fifth or 
sixth century. In 1846, there was found at Heodington, near 
Oxford, an ancient bead, of deep green gloss, splashed with 
blue and white enamel thrown down on tho mass when in a soft 
state ; it was then probably slightly tv/isted, and its globular 
form flattened, A similar bead was found in the bed of a stream 
near the British camp of Medmarston, and is preserved in the 
Ashmolean Museum, with a curious scries of beads, like modem 
green bottle-glass, marked with white and blue enamel. Here 
also are curious iierforatod beads, of various colours ; some 
of tho enamels being formed of concentric layers, and facets 
out across those producing a variety of waved linos. Another 
has an imitation of stones of different colours, set in stndA on 
its surface ; and a third is ornamented with raised and twisted 
coral work. The whole collection in form, material, colour, and 
design, is very fine. 

Tho Chinese have for ages been skilled in glass-making. Re- 
musat states that their imitation of tho precious stone yocchon 
was so excellent that it was almost impossible to distinguish 
the artificial from the ro^. It was manufactured into vases, some 
clear, transparent white, extremely brilliant, and os pore as a 
precious stone ; others of beautiful blue, and equally pure. In 
Egypt and Syria, no difference was known between the real 
and artificial yecchon, the latter being of the same form, thick- 
ness, and specific gravity os the former. It is even asserted that 
at Cairo, and other cities, the artificial yecchon vases were as 
highly valued os the real. The Chinese have equally well 
imitated their ju-stone ; it is coloured greenish, and of such 
hardness and weight that it frequently surpasses the real jn : 
fragments of it are erroneously denominated rice oompositioa. 
A specimen of the artificial ju may be seen in the British 
Museum. 
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PRACTICAL PERSPECTIVE.— XV. 

Tbjb fabjeot of the present study is introduced in order to 
show that so long as the plane of a cirole or semioirole remains 
pandlel to the picture-plane the form is not in any way altered, 
but is merely described with a shorter radius, varying according 
to the distance of the object from the picture. 

Having drawn the front elevation of the two piers (Fig. 74), 
join them by the line i> », and from the centre d describe the 
eemi-oircular arch ; produce the external lines of the piers, and 
draw the top line of the elevation. 

Now from A and a', a a', D and E, draw lines to the centre of 
the picture, c. 

From A set off A B equal to the real depth of the arch, and 
from B draw a line to the point of distance (not shown in this 
iiguro), cutting the line drawn from A to the centre of the 
picture in b'. 

Through B'draw a horizontal lino, cutting the line drawn 
from A' in B", and cutting also those drawn from a a' in 6 
and h*. 

The lines h b' and b" h' will represent the bottom lines of the 
other side of the piers, corresponding with a a and a' a' of the 
front elevation. 


Exescibb 78. 

Scale, } inch to the foot. Height of spectator, 6 feeti distanoe, 
14 feet. 

There is a block of stone 5 feet square and 1 foot thick ; there it a 
circular hole of foot radius pierced through the middle of it. Give 
a pergpeotive view of this object when standing so that Its square 
surface is parallel to the plane of the picture, at 8 feet on the right of 
the spectator. 

ExebcisB 79 . 

Give in the some picture a view of the object when standing at 
8 feet on the left of the spectator, and 6 feet within the picture. 

Exercise 80. 

Put into perspective the same object when lying on Its square sur* 
face, so that one of the edges of the plan coincides with the picture* 
line, its situation being 6 feet on the left of the spectator. 

Exercise 81. 

Give a perspective view of the object when lying on its square sur- 
face at 7 feet on the right of the spectator, and 8 feet within the 
picture, its front and back edges being parallel to the plane of the 
picture. 

In the next study an application of the projection is shown 
in the delineation of a viaduct. 



A perpendioular drawn from h' to meet a line drawn to the 
oentre of the picture from d in the point J will oompleto the 
distant side of tho object. 

A perpendioular drawn from b' to meet tho line drawn to tho 
oentre of the picture from i> will give the point d', the spring- 
ing of the aroh of the book olovation. 

Now from e draw a line to the oentre of tho picture, and 
from b" draw a perpendioular, cutting the Hue drawn from e in 
e', tho second springing point of the arch in tho back olovation. 

Draw tho springing line, D' e' ; then, if all tho proviohs steps 
have been aoouratoly followed, v* E' produced should meet a 
line drawn from F to the oontre in/— that is, in the point where 
the line drawn from f outs the perpendioular h’ ; and, similarly, 
it should out a lino drawn from 0 in g, the point where the line 
a interseots the perpendicular 6. The perpendioular h should 
also, when produced, meet a line drawn from h to the oentre 
of the picture in i, tho point at which r is out by a horisontal 
from j. 

It now only remains to draw the distant eemioirolo. 

From </, the oentre of tho aroh in the front elevation, draw a 
line to the oentre of the picture, ontiing the springing line 
b' s' in which point is the centra reqni^. 

From cf, with radius c'' n' or <f j}' draw the arch, the part 
whioh would be bidden being drawn in either a finer line than 
the rest, or in dots. 

Fig. 75 shows the same ohjeot when at a distanoe within the 
phstora. 


The student will not find any difficulty in projecting the 
whole block, or tho piers, and therefore, although all the work- 
ing linos are given, it is not deemed neoessaiy to give any in- 
struotioD on that portion of the study, and we therefore prooeed 
at once to tho arches. 

Fig. 76 is tho geometrical elevation of the aroh enclosed in the 
parallelogram A b c d. As the aroh is a semioirole, this paral- 
lelogram will, of oonrse, be half a square, the lines B 0 and o a 
will bo the semi-diagonals, and the line 0 H the half-diameter, 
or height of the aroh from the springing. 

It will, of course, be evident that the lines a b and c D of 
Fig. 76 will in Fig. 77 be portions of the inner edges of the piers ; 
therefore. 

Having produced the nearest perpendioular, x, until it roaches 
L, the complete, height of the straoture, mark on it above a' (the 
top of the first pier) the height a' b', and from b' draw a line 
to the oentre of the picture, cutting the inner edges of the piers 
V and N in B and c. 

The intersections A and D will already exist, as the line from 
a' to the centra of the pioture will have been drawn when pro- 
jeoting the piers. 

The figure A *b c D will then be the perspective projection of 
the containing rectangle. 

Now, between the points on the picture-line whioh mark the 
real span of the arches, mark off the centra E, and from it draw 
a line to the pomt of distanoe, cutting the line drawn from x: to 
the oentre of the pioture in f* 




801 


PRAOTIOAL PEBSPECUVB. 


From V draw a parpendioiilar, wMoh, cutting a B in o» will 
give the pempeotire centre, and cutting b o in h, will give the 
crown of the arch. 

From and Af draw lines across the aide of the first pier to 
h* and a\ and from these draw lines to the centre of the picture. 

Perpendiculars from m and n will out these lines in a (/ c and 


From I and j d^w horizontals, cutting the s6ini<diagonals h g 
and c g in i andj. Now, starting from A, trace the curve of 
the arch, passing through i h j to d ; also the corresponding 
curve, passing from a through i h j to d, the hidden portion 
being drawn either in dots or a fine line, whilst the part which 
is visible at d ) is to be fully drawn. 



d, whioh wiU be the projection of the containing rectangle on 
the opposite elevations. 

^ From F draw a horizontal line to /, and on / erect a perpen- 
dicular, cutting a din 0, and cutting V c in h. 

Then g will be the centre, and h the cro w n of the arch, of the 
distant elevation. 

^w draw the semi-diagonals B a and c o, and also h g and e g, 

IBVom A' set off a f, a]^ from i' draw a line to the centre of 
the piotor^ cutting the diagonals in i and j. 


1 This process is to be repeated for each arch, but the work 
will be materially lessened after the first has been drawn, bm 
several of the linos already used will be available for all ; and^ 
iurther, as ‘the arches roc^e, those on the opposite elevation 
will become invisible, and it will therefore be nnneoeesary to 
draw thmn, excepting for special study. 

Exbbcibx 82 . 

Pat into perq^eotire the series of srdies si mi la r to those ihowii in 
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Fifff, 74, 76, when th« front elmtloii it pltoed at SO** to tfa« plojte of 
projeot^on. Tha toale, height of tpootator, diatanoe, and dimtntiona 
at pleasure. 

The limits of these lestont predade onr carrying this anbjed 
any farther ; but the atudent is urged to remember that this 
teriea of Ioshodb is merely elementary, and that it it want of 
space, and not want of matter, which compels us to dote. Each 
lesson heroin driven, however, it capable of further working out, 
and it is hoped that ©very learner will endeavour to vary and 
apply tlie studies so as to acquire a thorough knowledge of the 
subject as far os taught in these pages, and he will thus pre- 
pare liimaolf for the advanced courses specially adapted to the 
various brandies of industry which will diverge from this. 

ELECTRICAL ENGINEERING.— XXIV. 

BY EDWARD A. O'KBEFVB, B.E., A.B.T.E., 

Demonstrator in Eleotrioal Engineering, City and Guilds of London 
Teohnioal College, Finsbury. 

ACCUMULATOBS-GRIDS. 

The accumulators at present in nse which have stood the test 
of time, and which may be called commercial snooesses, con* 
sist not of solid lead shoots wound in spirals as in the Plants 
accumulator, but of flat plates made up of open lead grids (or 
soino alloy of lead), and having the spaces in these grids filled 
with some substance which undergoes a chemical change by 
the passage of a current, and thus becomes tho aotive material 
in tho ueciimulator. This substanoo is usually a paste made of 
sulpliurio acid and an oxide of load, though in the Elioson ao- 
tiumnlator it consists of a thin lead ribbon, wound into spirals, 
whi<3h expose an extremely large surface, and wliich are quickly 
converted into acjtivo material. Tho descriptions that follow, 
unless otherwise mentioned, apply only to those aooumulators 
in which grids filled with paste are used. 

GRIDS. 

The grid of the paste aoouinulator in its modern form is 
made from a hard load alloy, which is found to be better than 
pure lead, sineo it is stronger, less liable to buckle, and is more 
durable. It is <?a8t in iron or steel moulds of the required 
sha]) 0 , tho moulds being heated to a tomporaturo near tho 



Fig. M.— B.P.8. AOOUmrLATOR. 


meltiug-point of the alloy. (This heating of the mould if 
found necessary in order to prevent the alloy frqm solidifying 
before completely filling the mould.) The grid is not intended 
to form any Appreciable porrion of the i^ve material ; ite 
function is to form a reservoir for holding a large supply of 
Active material in a definite position, and to form a go^ oon- 


doctor through which the current can be led into and out of 
the accumulator. Its ideal shape would be somei^ing in the 
form of a tree, which, starting with a thick trunk, [j^adnsUy 
branched out into thinner and tbizmer portions, penetrating 
and supporting those portions of paste which are generating 
the current. This ide^ form hae not been found to fit in with 
the requirements for a solid meehanioal arrangement. The 
grid is now oast in a square form perforated with a number of 
square holes for ooutaining the paste, and having a solid sub- 
stantial border of alloy. A thick lug is cast on one of its 
upper comers, and is bent so as to project over the side of the 
vessel containing the plates. This bending of the lug removes 
the oonneotion with the next aooumnlator from the spray which 
is given off from the aooumulator when charging, and also allows 
greater facility for examining the space between the plates 
when the aooumulator is at work. 

Fig. 54 shows the Eleotrioal Power Storage Company’s cell, 
known as the x.p.b. oelL In every aooomalator there is one 



Fig. 55.— drake and gorham accdmxtlatob. 


more of tho grey plates than of tho brown ; a grey plate is there- 
fore always on the outside. Tho light lines in this figure repre- 
sent the grid, tho dark squares consisting of paste. The grid is 
strengthened by having a number of thick alloy linos running 
through it ; those aro also shown in tho figure. Tho bent form of 
tho projecting lug is clearly shown as well as tho substantial rim 
surrounding the grid. All tho lugs of the grey plates are bnrnt 
to a solid lead strip which forms the terminal of the aooumu- 
lator. Two feet, one at each corner, are oast with the grid, 
and these feet are rigidly connected by being burnt to a thick 
load band, which passes underneath them and rests on a wooden 
strip. At each side, about half way up the plate, a projection 
is oast, and these projections, like the feet, aro burnt to hori- 
zontal thick lead bands, which form two more connecting links 
between the grey plates. It will thus bo seen that the grey 
plates are rigidly joined at five places : twice at the bottom, 
twice at the sides, and once at tho top. A comparatively solid 
seotiou is thus formed which will stand a lot of rough usage 
without sustaining damage. 

The grid of the brown plate slightly differs in some details 
from the grey one. It is made thicker to resist the buckling 
action. The lugs are similar, but there aro no feet, and an 
arrangement is made by which the plates, instead of resting on 
the wooden strips, are supported on tho horizontal lead bands 
which join tho grey plates. A projection is oast on the outside 
of the grid which fits into a celluloid insulator resting on tho 
horizontal band, and thus firmly fixes the two central portions 
of the brown plates. These oriluloid blocks, as shown in tho 
figure, exactly fit the space separating the two ^ey plates. On 
the upper e^e of each brown plate is a projection which is 
burnt to A thick lead bar. These plates are thus rigidly fited 
at four points : twice at the sides and twice at the top. Eaoh 
section of grey or brown plates can bo easily removed from the 
cell without any risk of breaking. 

The fixing of the plates at the different points, and the oasilng 
of feet on the grey ones, form the principal improvements in 
the modem e.p.8. aooumulator. These are entirely improve* 
ments in mechanical detail ; and though in theory the aooumu- 
lator remains unchanged, in praotioe it U found that its effeotive 
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oapacify is inoMsedi danger from shori-cironitingis minimised^ 
and its meohanioal oonstruotion is improred. 

Fig. 65 shows two cells of the Brake and Gorham type. 
The Brake and Gorham grid differs in two points from that of 
the E.P.S. Company. One point is in the positions of the pro- 
jeotiOns, and the second is in the section of the grid. The grey 
plates hare all their Ings soldered together, and this forms the 
only connection between them. They ore h^d in position by two 
frames of teak, and have each two projections, one at the lower 
portion of each side, which fit into groores ont in the teak frame. 
They are shown «in Fig. 55 as Tortical black lines on the frame. 
The brown plates have their lugs similarly connected, and haye 
fonr projections on each side, which fit into round holes in the 
teak frames. All the plates are thus firmly bound together by 
two stout teak frames, and rest on teak supports as shown in 
Fig. 55. All the plates must be removed at the same time, and 
this operation can be performed with ease and safety owing to 
the support given by the frame. 

As in the case of the fi.p.s. accumulator, the tendency of all 
the improvoment8*i8 in the direction of supporting the plates 
from as many points as possible, and of rendering the whole 
arrangement sound from a mechanical as well as from an 
electrical point of view. 

The section of the grid is an important item in the construc- 
tion of an accumulator. The peroxide of lead which forms the 
paste in the brown plate becomes qnito hard and brittle ; and, 
owing to a number of different causes, it may fall out, and by 
forming a connection between a grey and brown plate may 
short-circuit and ruin the accumulator. The grid must then 
be made of such a section as will prevent the peroxide from 
moving out of the position in which it is originally fixed ; or as 
far as possible it must bo keyed in, but in such a position as to 
expose a large surface. 

Sections of the e.p.s. and the Drake and Gorham grids are 
shown in Figs. 56 and 57, the shaded portion representing the 
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grid aUoy, and the unshaded portion the space for the paste ; 
tWs paste is filled in, in the lower portion of each figure. The 
line down the ooutte indioates the junction of the parts of the 
metal mould. 

The ■.?.§. section (Fig. 66) shows how the paste is keyed by 
Ewrowing its oentnl pevtioo, and thus preventing any possible 


movement of the pellet, os long os it retnoinB intact. A peHsi 
may, however, get broken along the central vertioal line, when 
the pieces might fall out. The Brake and Gorham grid (]^g. 57) 
is deigned with the object of avoiding such on accident, einoe 
the lips on ike outside of the section would still hold the broken 
pieces in their places. This lip is formed on the grrid by a 
special burring instmment passed over the edge of a grid whose 
section is similar to that shown in Fig. 66. 


PRACTICAL APPLICATION OF THE FINE 
ARTS.— IV. 

THE AET OF GLASS-PAINTING. 

By P. H. PsLAMOTTB, ProfeMor of Drawing, King’s Colloge, London. 

CUTTINO OUT, BHAPINO, ANP BURNING THE GLASS. 

Matching Colours. — ^We have spoken of the manufaotnre of 
pot metal ; the next process is to prepare this pot metal for 
the picture. The first thing necessary is to make choice of the 
glass to be used, and for this purpose it is convenient to have a 
frame fired with small piooos of glass of various colours and 
different manufactures ; and this frame hung before a window 
with a good light, looking to the north, and not obstructod by 
houses or trees, but so i>lacod iliat the glass can be seen against 
the clear sky, gives an opportunity of matching the colours 
with those of the original design. In this matohing the colours 
it must bo remembered that tho plain glass should approach 
most nearly to tho tint of the brightest part of each colour, os 
the subsequent shades will make tho colour darker and rome- 
what duller j though the aim of good painting is to avoid 08 
much as possible dulling tho original colour. But whatever 
care may be taken to match tho glass by specimen pieces, after 
all tho actual sheets of pot-motal must bo taken out and 
examined to choose those Bhoets which, from their thiokness, 
depth of colour, imperfections, and shading of tint, are suitable 
to the subject in hand. 

Cutting out. — The gloss being chosen, it is laid upon the 
working drawing or cartoon, ond with a diamond out to the 
required shape. The anoionts, who did not use diamonds (and 
we do not know that the use of tho diamond was discovered 
before the time of Queen Elizabeth and Francis I., and it was 
not commonly employed in cutting until 1700, thoiigh perhaps 
some scratching had boon done at an earlier period), had to 
adopt other methods, and elaborate directions are given in old 
ti’eatises how the glass might bo divided. From this imper- 
fection of instruments we may* explain some of the more 
frequent leadings which wo find in a groat many of the old 
windows ; though, no doubt, much more is to be aooountod for 
by mending subsequent upon crncking. The English plan of 
having a charcoal drawing upon wliite paper is preferable at 
this stage to the French habit of drawing on a blue paper { 
siiioo tho black lines on tho white are clearly visible through 
tho Bomi-transparont glass, whereas tho drawing on a blue 
paper has to bo traced on tho glass before the latter is ont. 

When the glass is cut into a proper shape it is roughly 
clamped together with bits of loading or lumps of cobbleris- 
wax, and hung up, so as to ropreBent the intended picture in 
general outline. ^ ^ « i. j 

Fainting. — The shading now begins. This is effected by a 
process of onamolling; that is, tlio surface of the glass is 
rendered loss transparent by the use of metallic oxides. What 
is technically called staining is an entirely different process, 
though apparently the means are the same. Staining implies 
tho imparting a yellow, orange, or simihir colour through the 
depth of the glass without detracting from tho transparency. 
The enamelling Is burning into the surface of the glass a metal 
which, while it imparts some colour, at the same time destroys 
more or less completely the transparency of tho material. The 
great art in painting or (ummelling is to overcome this difllculty 
of destroying tho transparency, as may especially be seen, 
cither in those miserable failures of foreign workmanship in 
St Paul's Cathedral or at Glasgow; for with glass of even 
gpreater transparency than the i^glish the Continental glass- 
painters contrive to make opaque pictures instead of trans- 
parencies. It was against this that the late Mr. Winston so 

earnestly warned modem glass-painters. . . 

Materials. — ^The materials used in enamelmg axe principally 
oxides of iron, both red and black ; and with these are used 
•cmethiiai red or white lead^ the whole being mixed with silioa 
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^ed from Bom« glass-pamtor, until the artist becomes a Uttie bnt in tms respeci; xnere is oonsiaeraDie oineronw *a uu«™»ie 
accustomed to the nae of them. They are mixed with TOtious glai ^. 4 • x .n +i.aa 
whicles, either water or oil. If water is employed, a little gum GnsaxlU^hi the above we have ^tewd into aU pro- 
should be added to stiifen the pigment. The oils used are cesses of stw^g and shading every land of glass; but tao 
fcn^tine, oil of lavender, oU of thyme, and tar. It is usual beginner will find that the sort of glass-pamting called p^e 
to UM water in the earUer process, and to finish off with oil will afford him considerable scope for the employment erf his 
The implements used ore given in IHg. 2. They consist of one talents, and yet not be so complicated as where a great variety 
or two flat sables. No. 4 ; a stippler made of hog’s hair. No. 1 ; of ootonrs are combined. This consists of brown patterns or 
a tracer of sable. No. 2 ; a sorubb, Nos. 3 and 5, made of bog’s scroll-work, accompanied by yellow s^ upon white g^. 
hair ont down from an ordinary oil-oolonr tool, either round or Buminj;.— The glass being thim painted, it is rc^y for bnrn- 

flat the latter being better ; and a shader for oil oolonr. This ing, and this is accomplished in furnaces fitted mth shelves or 
last may be either sable or camel’s hair. drawers of iron, covered with lime toly powdered. On lime 

Kinds of Shading . — The various kinds of shading are called the gloss is placed, and the whole subjected to considerable 
( 1 ) the smudge or smear, ( 2 ) stippling, and ( 8 ) line-shading, heat, but not sufficient to melt the glass, only enough to soften 
The whole of these three kinds of shading are frequently used it. During this process the silver sinks through the plates erf 
in the same window. 1. The smear is applied with a large glass, whilst the shade is attached to the surface so finely that 
soft brush, No. 4; of course, not flat all over alike, but it cannot be detached. Either through defective burnmg or 
detest in those portions where the shadow is to be darkest ; from the chemical action of various gases upon the surface of 
Ittt this is much improved if it is stippled with such a brush the glass, the shade will not unfrequently come off old glass if 
as No. 1. This is done on\j scratched mth the 
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I 'll I I together with the leads, 

f 'H |l I III These loads are in some- 

''I!| I 1 IIH thing of the form of an 

'*''1 H placed sideways, thus 

iines or some consiaer- *• The workman takes 

able force irith bmah Kg. 2. — bbubbeb ubbd iw OL&BB-PinmNO. a piece of the glasB, and 

No. 2. When the ontlmo«‘ outs off a portion long 


as No. 1. This is done 
by pushing the end of the 
hairo against the glass i 
and withdrawing the tool ! 
quickly. By this means 
the pigment, instead of 
lying in flat sheets or in 
streaky linos, is drawn 
up into dots and short 
steokes, leaving inter- 
■tioes through which the 
light can penetrate, 
y^en this shadingis 
dry it will bo possible to 
rub off the pigment, which 
has become powdery, 
from those parts that 
should be quite light. 
This may be done either 
with such a brush as 
Nos. 3 or 5, or with the 
handle of the brush or 
other convenient stick. 
After this it will bo 
useful to apply more 
shade, and this is usually 
mixed with an oil vehicle, 
either as before with 
stippling, or by tracing 
lines of some consider- 
able force with brush 
No. 2. When the outlines' 



are strongly marked it will frequently bo found convenient to enough to go completely round it. Ho then bends it round the 
trace out these first with No. 2, and afterwards to add the corners, and presses in the lips of the folds. When it is fitt^, 
stippling when the former is dry. The early painters of the the chinks between the lead and the glass are filled up wi^ 
tweffth oentury not unfrequently rested entirely upon the foroe putty or cement, and the joints are soldered together. Care is 
of their line-shading, and seldom used stippling. In the case taken to fix little wire hooks to such ports of the leading as will 
of stippling or smear-shading with an oil veUcle it will bo come against the stanchions, and the whole is completed and 
found advantageous to lay on a thin coating of oil or two fit to be raised to its appointed place. 


previously, in order to make the colour work more easily. 


The Proper 8iud/y of Antiquity . — In this matter of leading, as 


Praotioe in ohalk-drawing will assist the artist towards a in almost all other points connected with painted glass, the 
maatezy of the character of shading required for glass-painting, work of the ancients and of the moderns should be observed ; 
The general shades put in with the stump answer to the smear Uie former with a view of imitating the different modes^ by 
and stippling, whilst the firm black lines added afterwards which various difficulties should be overcome,, at the same time 


correspond with the shades produced with the small fine brush. 
Wit^ the fiaehed glasses, which are almost all of a ruby 


avoiding the peouliarities which their ignorance of many modern 
inventions mi^e oompnlsory ; the latter, that their deficiencies. 


colour, with either white (i.e., transparent), or light brown, or carelessnesses, and want of taste may become a warmng of 
fellow foundation, another treatment is so m eti m es adopi^ ; shoalB and rooks upon which the competition and aim at cheap- 
the flashing is removed either with fluorio acid or by grindingr — ness of modern times have shipwrecked many an intelligent 
in glass-painting almost always by the fonner process. The workman and many a painstaking artist. The l^s of the 
plain glass thus left oan again be stained with nitrate of silver, ancients were narrow but strong, scarcely perceptible in the 
or shaded like other glass. pictures ; whereas those of the last and the early 

JElffeeta of Shading on Different Coloured Gla8$e$.--lt will soon the present oentury were broad and diafignrod the glMS. The 
be found that different coloured glasses receive the shading present manufactures, in this respect ae m imy 
dffiEkrantly. Delioacy of shadow and half-tints would be entirely doing their best to cultivate a wise and disonminating imltnloii 
lost upon deep and heavy glass ; whereas on flesh tints, %bite <rf antiquity. 
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Tho boiler is also limited in diameter by the distanoe between 
the wheels, as it is very ineonvenient for it to oyerhang them ; 
and its dimeiisioxis being thus limited, Tarions arrangements 
haye to be made to enable a sofBoient amount of steam to be 


TITBULAB BOILEB — MECHANISM — KETEBSINO OEAB — 
GOOXm SNGINEB. 

Ws have resetred for this onr oondading paper a description 
of the looomotiye, which is one of ^e most important applica- 
tions of the power of steam. In modem times the whole of this 
and seyeral other countries has been intersected by yarions lines 
of railway, and there are scarcely any countries entirely deyoid 
of them. In many places, inde^, ^ey haye perform^ a yery 
important office, haying seryed as the pioneers of oiyilisation, 
and opened up f^h fields for industry and commerce. 

In India their influence in this way has been much felt, and 
hence the system there is at the present time being greatly 
extended. 

This rapid deyelopment of the railway system has yery 
naturally directed much attention towards the best and most 
economical form of steam-engine suitable for working it. The 
plan of employing a fixed winding-engine with a long rope 


generated. 

The engine has also to be so oonstruoted as to carry with it 
a supply of fuel and water sufficient to last it for the jonmey, 
or t&I it arriyos at some station where it can be replenished. 
In engines which run on the Lmg lines of railway a separate 
tender is usually proyided to hold these, and is coupled closely 
behind the engine. In those, however, which run diort dis- 
tanoes — as, for instance, on many of the metropolitan lines — ^the 
tender is ^spensed with, a small tank and coal bunker being 
arranged at ihe hinder part of the engine. 

I Considerable arrangement is requisite to ensure the due dis- 
I tribution of the weight on the yarious wheels : the greater 
1 portion should rest on those which driye the engine, as they 
! thus obtain a much firmer grip on the rails. Great foars were 
! at first entertained lest this grip should prove insuffinient to 
! propel a heavy train, but experienoe has now completely dissi- 
I pat^ these. In frosty weather there is occasionally a 
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attached to the carriages was soon found to be costly and un- 
satisfactory, and at flic present time loocmotives of various 
kinds are employed on all passenger lines, the old plan being 
still retained on a few mineral lines with steep gradients. 

On all long and important lines there are two perfectly 
distinct kinds of traffic, the one consisting of passengers and 
parcels of light weight, the oi^ of heavy goo^ and parcels. 
For the former of these the greatest rate of speed t^t can 
safriy be attained is desin^le, and pMsenger engines are 
aooordingly oonstruoted capable of drawing light loads at a 
speed of at least 50 or 60 n^s per hour. For i^e goods traffic 
engines of a much more powerful form are constructed ; these 
possess greatly increased tractive power, but travel at a 
slower pace than passenger engines. On some of the Conti- 
nental t^ways, go^s engines of a very cumbrous and compli- 
cated oonstruoriou have of late been introduced, some of them 
possessing as many as six pairs of driving-wheels, and four 
cylinders. It seems probable, however, that the same duty 
wight be more efilciently and economically performed by the 
employment of two ordinary goods engines coupled togmer, 
wh^ subh very heavy trains are required. 

There are many i^ga which have to be oonsidered in the 
eonstniction of a loimmotive. Its various parts must be 
made very strxmg and secur^y fimtened together, to enable it to 
resist the constant vibration arising from the rapid motioxL 
^^46— K.B. 


! difficulty at starting, but a little sand or gravel scattered 
I on the rails soon overcomes this, and in most engines a sma l l 
' sand-box with a shoot is now placed at the side so as to scatter 
a little sand in this way when necessary. 

The great object that has been aimed at of late is to oon- 
stmot a looomotiye which shall bum coal, and at the same time 
oonsnme its own smoke. All engines are now required by law 
, to bum ooke in order to avoid the injurions efieoto of the 
i smoke, but this adds greatly to the expense, ooke being much 
j less economical than as a source of heat. 

I In Cndworth’s engine the furnace is made very long and 
I sloping, and only a thin layer of fuel is laid upon it. ^ The coal 
I is then gradually supplied in front, and the smoke is mainly 
; consumed as it travels over the incandescent fuel beyond and 
I becomes mingled with the air that enters tl^ugh the fire-door. 
! other engines are fitted with a oombustion-ohamber beyond 
the furnace, and in this the flame and gases become mixed with 
’ air and consumed. In Beattie’s form there ate two furnaces so 
arranged that the products of combustion in the ^jrer. r^*^*^ 
pass over the other, andi thus be consumed ^ " 

the flues. In this case the npper furnace is fed with ooke, while 
the lower may be fed with ooids, as the smoke given off from it 
is consumed in passing over the ooke fire. 

Very many other plans have been tried witii tarying degreea 
of sueoess, hut none can yet be said to have fuQy att^ed the 
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desired end, though the amotmt of smoke evolyed is materiaUj 
dimiiiished by their adoption. 

The general oonstmction of the looomotiye will be best 
underst^ by means of a sectional yiew. We haye accordingly 
giyen one of an express passenger^engine with coupled driying- 
wheels, similar to many in use on the London and North- 
Western line at the present time, and we shall proceed to 
explain in succession the detaUs of the yarious parts (Fig. 45). 
Tbe furnace here shown is constructed on Beattie’s plan, being 
diyided into two portions by a sloping water-bridge which 
passes from side to side of the furnace. The smoke from the 
lower or hinder furnace passes through perforations in this 
bridge, and in the fire-block against which it loans, into the 
neoond furnace. A hanging bridge at the top of this deflects 
the smoke downwards on the burning coke, and thus ensures 
its being consumed, while a second perforated bridge placed at 
the back of the fire-box proyents the heated gases escaping too 
rapidly into the flues. The sides of the fire-box are made 
double, .the water in the boiler being allowed to circulate in the 
space between the two plates, and much heat is thus imparted 
to it. Various stays connect these two plates together so as to 
proyent their bulging, and some of these stays ore made hollow 
so as to increase the heating surface of the fire-box. 

Movable ash-trays are placed under each of the furnaces to 
receive the hot cinders that fall from them, and levers are 
usually provided by which the doors of these ash-pans may bo 
opened, and the cinders allowed to escape. 

The barrel of the boiler below the water-line is occupied by a 
large number of tubes, usually mode of brass, and securely 
fastened to the back of the fire-box, and in front to a plate 
fixed in the end of the boiler. The smoko as it passes through 
these imparts to the water the greater portion of its heat, and 
then escapes into the “ smoke-box,” as the front portion of the 
engine directly under the chimney is called. The tubes are of 
small diameter, usually about 1| or 2 inches, and are placed as 
close as they well can bo, when sufficient room is loft for the 
circulation of the water between them. 

In the front of the engine is a door which opens into the 
smoke-box ; sometimes this is made in one piece, and can be 
removed entirely, boin^held in its place by a screwed bolt and 
nuts i at other times it is made in two pieces hinged at each 
side. By opening this, access is gained to the smoke-box for 
the purpose of removing soot or ashes which may bo deposited 
there, and also to clean out the tubes. 

The funnel of a locomotive must of nooessity be somewhat 
short, to admit of its passing under the various bridges which 
HO often cross a lino of railway. This foot, coupled with the 
small diameter of the tubes, tends to render the draught some- 
what feeble, and hence there was at first difficulty in maintain- 
ing sufficiently rapid combustion in the furnace. This is entirely 
overcome by allowing the exhaust steam to escape into the 
chimney. The two exhausts are connected by a Y» or, as it is 
termed, a breeohes-pipo, to one mouthpiece ; and the constant 
escape of the steam at a considerable pressure from this 
quickens the draught very greatly, and produces the snorting or 
puffing BO well known to all who have observed an engine at 
work. This jet is usually carried a little higher than the : 
mouth of the uppermost layer of tubes. 

On the top of the engine are seen two domes. The front and 
smaller one of these is fitted with two safety-valves, one of 
which is usually secured so that it cannot be altered by the 
engineer. A vidve is also frequently fitted at the top of the 
other dome, but the main purpose of this is for the mouth of 
the steam-pipe to open in it. The higher this can be made to 
open above the surface of the water in the boUer the better it 
is, as the ebullition, added to the shaking of the engine, keeps a 
larger amount of water mechanically suspended in the steam 
space, in a state of minute division. If much of this were 
allowed to enter the steam-pipe, there would be an excessive 
amount of pruning. As it is, ^e blow-off cooks in the cylinder 
have to be frequently opened to allow of the escape of the con- 
densed water. 

The mouldi of the steam-pipe is therefore situated near the 
top of l^e dome, and is closed by a valve which is regulated by 
tiie handle seen over the fumaoe-door. Sometimee a valve 
ordinary oonstruotion is used for this purpose, but more fre- 
<pMntly there are a number of parallel slots at the mouth of the 
pi|»e,snd against these a gridiron plate, ootrosponding 


riots, works steam-tight. The degree to which the valve is 
opened is capable of exact adjustment by means of the handle, 
the motion being usually communioated by means of an ecoen- 
trio fixed on the rod, and thus the engineer oan increase or 
diminish at pleasure the supply of steam to riie cylinder. 

The steam-pipe passes along inside the lK>iler, and through 
the end of it by a steam-tight joint into the smoke-box, where it 
divides into two branches, one of whirii goes to each cylinder. 

The cylinders are situated at the lower part of the smoke- 
box, often being included within it. In the engine figured their 
diameter is al^ut 17 iuohes, and the stroke nearly 2 feet. 
The head of the piston-rod is made to work between guidos 
firmly secured to the frame- work of the engine, and a connecting- 
rod posBOs from this head to a crank which is forged on riie axle 
of the driving-wheels. A straight connecting-rod also passes 
from a crank fixed to the end of this axle outride the wheel to 
a similar crank fixed to the axle of the hinder pair of wheels, 
BO that there are 'four driving-wheels instead of two, and in this 
way a much greater hold on the rails is obtained. These wheels 
must, of course, have exactly the same diameter, and the cranks 
on their axes must be similarly placed. In the engine leffiown 
their diameter is.? feet, and they are about 5 inches in width ; 
a few are made oven larger than this, but the usual size in 
ordinary passenger engines is from 5 to 6 feet. A small flango 
is turned on the inner edge of all the wheels to keep them from 
running off the rails. 

The connecting-rods and guides are not shown in the figure, 
as they would only render it more complicated. 

We como now to a very important point, namely, the slide- 
valve, and tho means of controlling its movements in such a 
way as to make the engine travel forwards or backwards at 
pleasure. The valve itself is of the ordinary three-ported kind, 
and an eccentric fitted to the axis of the driving-wheels imparts 
motion to tho valve-rod. A moment’s thought at once show 
that the direction in which the engine moves depends upon the 
position of the eocentrio with regeu^ to the crank. Suppose, for 
instance, that the piston is at the middle of the stroke when the 
steam is turned on, and that the crank is situated at the same 
time above the axis ; then if the valve be in such a position that 
the steam is admitted to the top of the cylinder the engine will 
travel forwards, while if it be admitted to the bottom it will 
travel backwards. Now the position of tho valve will manifestly 
depend upon that of the eocentrio, and this it is almost impos- 
sible to make movable. Tho difficulty is, however, fully met by 
fitting two oooentrioB to the axis, one in snob a position as to 
propel the engine forwards, the other to propel it backwards, 
and tho rods from these two ecoentrios are connected to the 
two ends of a link, as shown on a larger scale in Fig. 46. Here 
F is the forward and b tho backward oonneoting-rc^ and v the 
valve-rod, the end of which, 

A, moves in the link. When 
in the position shown the 
motion of B is transmitted 
to Y, and the only effect of 
F is to make that end of tho 
link OBoiUate. H, however, 
we depress the link so that 
A is at the other end, the 
engine will travel forwards. 

This link is moved by means 
of the lever seen behind the handle for turning on the steam, 
and thus we oan depress or elevate the link as we please, and 
out off the steam at any required part of the stroke. lu our 
seotion only one link is shown, but one is of oouise required for 
each cylinder, and thus there are in aU four eooentrioe and two 
links. Both lixL^s are, however, moved by the same lever, and 
in the quadrant seen behind it t^ere ore a series of notches, by 
which it may be looked in any required position. 

The boiler is fed from a tank situated in the tender, and the 
water is supplied by the pipe seen passing along nnder the 
boiler and ih^box. Somethnes the engine is led by a force- 
pump, but Giffurd’s ixgeotor is now very generally employed. 
In nearly all oases the boiler is fed with oold widier, all the 
waste steam being allowed to esoape into the ohimn^. Ocoa- 
rionally, however, a portion is condensed, and the temperature 
of the feed-water raised in thie way- This plan is adopted in 
many enginee on the MetropoHian Bailway. 

In a few engines which ran long distances, an anangement 
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ii made bywHohafreeh luppljof water can be taken into 
Uie tender while the engine is in motion. 

A long narrow trongh is placed between the rails, and filled 
with water to a depth of four or fiye inches ; a scoop is then 
attached to the under side of the tender; this can be lowered at 
pleasure; and as it passes along, it dips into the water and 
throws it tip into the tank, the speed at which the train travels 
being quite sufficient to raise the water. 

Under the eylinder is seen a piece of iron which comes 
nearly down to the level of the rails, and serves to remove any 
obstacle which may accidently be present on the line. In most 
American locomotives this is replaced by a large guard of iron 
rods extending a little way in front of the engine, and known 
as a *' cow-catcher,” and in snowy weather this is sometimes 
fitted with a “ snow-plough.” 

Goods engines are usually made of a heavier and stronger 
form. The driving-wheels are of less diameter, and two or 
sometimes three pairs are connected together so as to increase 
the tractive power. The greater portion of the weight is then 
made to rest on these, so as to obtain as much hold on the rails 
as possible. In many foreign engines the number of tubes is 
very largely increased, and the whole machine is made very 
cumbrous and unsightly, the boiler being in several instances 
made to overhang the wheels. 

Nearly all lines are now laid of a uniform gauge of 4 feet 81 
inches, that being the width between the rails, and this, of course, 
limits the dimensions and powers of the engine materially. A 
wider down on some lines, but from the incon- 

venience caused by being unable to run over other companies* 
lines, and also from the greatly increased cost of the rolling 
stock, this broad gauge is now but little used. A few trains 
still run on it along the Great Western Railway, but a third 
line is laid down ail along it for narrow-gauge trains, and these 
are moat generally run. 

On a few linos a much narrower gauge is used ; the best known 
example of this is a short railway in North Wales, running down 
from some quarries at Festiniog to the sea-coast. This line is 
about fourteen miles in length, but its course along the moun- 
tain side is very circuitous ; it has a gradient of about 1 in 120. 
The gauge on this is about three feet ; and the railway thus 
constructed has been found to answer well, and is much more 
economical both in its first cost, and in working. 

In some engines the front part, instead of being mounted on 
a single pair of wheels, is supported on a “ hope ” or truck 
with two pairs. This is connected with the engine by a stout 
pin, which allows of a certain amount of play, and it is found 
that an engine thus mounted can travel along curves with much 
greater ease than the ordinary form. In other engines the 
bearings of some of the wheels are, with a similar object, to 
formed as to allow a certain amount of lateral play, which is 
found very beneficial. 

Another important point is to have the wheels carefully 
mounted on springs, so as to prevent vibration as much as 
possible. This causes the engine to work much more regularly, 
and allows the wheels to have a better hold on the rails. Coil^ 
or volute springs and india-rubber blocks are often used for this 
purpose in addition to the plate-springs shown in the figure. 

Several of the wheels are usually fitted with brake-blocks, 
which may be forced upon them by means of a screw : these 
very quickly reduce the speed, and bring the enfi^ne to a stand. 

It is found a very economical plan on extensive railways to 
make the engines resemble one another as much as possible, so 
that the various parts may in a great measure be interchangeable, 
as otherwise an engme may often be standing a long time idle, 
from eome trifling injury. It is often found that a large amount 
. of capital is thus locked up in engines undergoing repair. 

We have now explained all the main details of the locomotive; 
in most other points it closely resembles the engines already 
described. We must now leave the student to follow out alone 
the whole details of any engine he may meet with. If after 
hav^ carefully studied these papers, he can examine a large 
engine at work, or, failing this, can, w'hen waiting fit a railway 
station, stand hj a locomotive and trace out the various parts 
we h^ve explained, he will find that this praoUcal study will fix 
firmly on his mind w^t he has learned, and will clear up any 
points upon which he may feel at a loss. Careful reading 
followed by personal bbsemtion is always the best plan of 
acquiring a thorough acquaintance with any subject. 


TECHNICAL DRAWING.— XLIII. 

DRAWING FOB STONEMASONS. 

Tex subjects of the present lesson are the plan (Fig. 895) and 
the sectional elevation (Fig. 896) of a oomioe and blocking 
course. 

The cornice is the p^eoting course at the top of a building, 
finished by the blocking course. Cornices are but ramifi^ 
copings, and are or may be subjected to the same general laws. 
Care must be taken, however, in arranging them, that their 
centre of gravity be not brought too far forward in the anxiety 
io project them sufficiently, lest they act injuriously on the wall 
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by pressing unequally, and their own seat be also endangered. 
A blocking course is either a very thick spriug projecting over, 
or flush with, the face of the lower part ^ the wall, to cover a 
set-off, or it is a range of stone over a crowning oomioe, to 
bring the centre of gravily more within the wall than it would 
otherwise be. In the former oase it is treated exactly as a 
string, excepting that if it be flush below, there will, of course, 
not be any throating ; and in the latter it has a horizontal bed, 
parallel vertical rides, and a weathered back or upper surface. 
Wi^ these explanations it is hoped the student will oomprsbend 
the drawing, and will be able to execute it satisfactorily. 

FBOJXCTION— XXOnOKS OF CUBES. 

There is no branch of projection which is of more impor^oc 
to stonemasons than that which treats of sections, and it is> 
^erefore, here proposed to describe and illustrate a few of the 
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forms which are generated by means of making different oat* 
tings ci the onbe. 

It has already been shown in the lessons in ** Prqjeotion/’ 
that if a cube be so placed as to rest on one side of its so^ 
•■Ti giflii, - whilst the base is so raised that one of its diagonals 
assumes the position of a horizontal linSi the diagonal of the 
solid which connects the front angle of the top with the oppo- 
site angle of ^e bottom, will also be a horizontal line, as shown 
at A B (Fig. 397) ; and that if the onbe be then rotated on the 


passing through the middle, z, of the line d h, and onttlng the 
edge D a in B and o h in v. 

Having now drawn the plan and inrojeotion of the onbe shown 
in Fig. 399, draw a horizontal line hrom i, cutting the projeo- 
tion (Fig. 399) in i and also draw horizontal lines trom b, 
cutting the prqjeotion in e s', ^nd from f, ontting the projeotion 
in//. 

Join ss', s'*', i'/', /7, /S and <s, and it will be seen that 
this section is a regular hexagon. Now draw horizontal lines 



angle 0, tlie front view will be a regular hexagon, shown in 
Fig. 398. The system of projection on the inclined plane has 
been fully worked out in previous lessons. 

Having proceeded thus far, draw the line d c (Fig. 397), and 
lot us endeavour to find the true form of the section of the cube 
which would be thus produoed. 

It will be evident that the point B not only represents the 
one angle of the cube, but that it hides one beyond it, which 
beoomos visible when the cube is rotated on the angle c, as 
shown at d and d' in the front elevation (Fig. 398). Now, if d 
and d' bo joined to c, the true section on B o in Fig. 397 will 
be found to be an equilateral triangle. 

Beturnlng now to Fig. 397, draw the perpendioular line 


from the angles of the plan of Fig. 899, and perpendioulars from 
the angles of Fig. 897, thus obtaining Fig. 400, the plan of 
the cube when raised on the solid angle. Then draw perpendi- 
colsrs from i, cutting the plan in join a <” b' and 
and the lozenge thus formed will be the horizontal section on 
the straight line A b. 

LINEAR BRAWINa BT 1CBAK8 OF IKBTRBKBNTS (conUflUed), 

Fig. 401 in the next page is the elevation of a window, with 
mouldings and oornioe ; and Fig. 408 is a section of the oomioa 
and traverse on the line A B. 

This example is very simple in Its oharaoter, but will test the 
student's power in accurate drawing, sinoe all the Hues of the 



CIVIL ENGINEEKING. 


m 


dUforent members most be truly peraUel to eeoh other, and the 
joints at the angles must be oarefnlly and neatly made. 

In oommendng this subject, draw the central peipendicnlar, 
and set off on it the three parin ah,hc, and e d, represeisting 
the three parts-^-ris., the aj^trare, fneso, and cornice — ^into 
which an entablature is divided. 

Next draw the complete rectangle e / 9 h, and set off within 
it the width i e and hj corresponding with h a. 

Lines drawn at 45”, to unite the inner and outer lines of the 
jamb with those of the lintel, will aid, not only at the present 
stage, but will be found very serviceable in drawing the mould- 
ings into which the space a 5 is subsequently to be divided. 




To draw these separate members, set off the divisions on the 
central perpendicular between a and b, and draw horizontal 
lines through the points of division. 

Set off ihe same points between e and t and h and i, and 
draw perpendiculars through them ; these should, if the work 
be correctly done, meet the horizontals on the lines / I and g h 

The cornice is now to be completed by drawing the true forma 
of the ends of the Tarious mouldings ot which it is composed. 
These will be better understood on referring to the enlarged 
section (Fig. 402), which it is expected the student will, after 
his previous practice in drawing mouldings, be able to follow 
without any ditBcnlty. 

Sig. 408 is a simple design for a Gothic chimney-piece. A 
chimney-piece is an ornamental addition to one side of a room, 
surrounding, and, with the mantel-sheilf surmounting, the fire- 


place. We say omamenicd addition, because it is not really 
necessary, since the aperture containing the fire oould be simply 
walled round, without any architectural features to decorate it. 

This being so, the ohinmey-pieoe should never be too large, 
but should be in keeping with the size and general features of 
the room — a consideration often too much neglected. 

Chimneys are of comparatively modem introduction, and 
therefore we have no preo^ents in ancient architecture in order 
to direct our taste in the decoration of this construction, whilst 
on the Continent the heating arrangements differ entirely from 
onrs ; and thus it has been mainly in England that chimney- 
pieces have become special features in interior arohiteotnre, the 
good taste in this department having been introduced by Inigo 
Jones. Since his time, howcTcr, the manuf^ture of mantel- 
pieces has become a regular branch of the mason’s trade, and, 
owing to the introduction of machinery in working marble, they 
are supplied at a much cheaper rate than formerly. 

The method of drawing this example is precisely similar to 
that already shown in Figs. 401 and 402. A central perpendicular 
should be drawn in each pilaster, and the profile of the mould- 
ings must be set off from it. ^e arch is of the class termed 
“ segmental ” — that is, it is formed of two segments of oiroles, 
the centres of which are below the springing. 

Fig. 404 is a section through the crown of the arch ; the 
method of projecting this will be eai^y understood from the 
example. 


CIVIL ENGINEERING.—X. 

BY B. G. B AUTHOLOMBW, C. B., U. 8. B. 

DOCKS (continued). 

Thb necessity of being able to examino the exterior of a ship 
from the keel to the bulwarks, for the purposo of cleaning, 
painting, or repairing, is self-evident, and although it may bo 
possible under omorgencies to contrive some method of excluding 
the water for this purpose from a limited portion of the hull, 
even whilst the vessel is afloat, yet some means must of neces- 
sity be resorted to for placing the entire ship at times in the 
same dry state she was in previous to launching her. 

The graving-dock supplies this moans, and whatever method 
be adopted for obtaining this end may be regarded as a graving 
or d/ry dock. There ore two totally distinct methods of removing 
the water from the exterior of a ship. The oldest, and the 
most obvious, is to drag the vessel out of the water. This plan, 
adopted in very early periods by the Greeks, who simply hauled 
Iheir ships upon the sand, and then raised a bank of earth 
around them to exclude all access of the water, might have 
proved sufficiently available for the small ships built in earlier 
times ; but as the size and weight of vessels became greater, 
the mechanical contrivances known in those days would appear 
to have failed in aocomplishing the result, and the next obvious 
method was then iworted to— -namely, that of excavating the 
land, and floating the ship into the excavation at high water. 
This plan in its rudest form is adopted at Hong- Kong ; a mero 
excavation being made in tlie shore, into which the yessel is 
floated at high water, a bank of mud protected by fascine work 
being hastily raised across the entrance at low water; the 
water which yet remains, or finds an entrance by percolation, 
being kept under pumping. 

We have here, then, the two methods of dry-dooking a vessel ; 
the first, that of raising the vessel out of the water— the plan 
resorted to in the earliest times, but which failed in the case of 
large ships until modem engineering skill has enabled ns to 
adopt the same method in the case of the hugest vessels ; the 
second method of dry-dooking a vessel, and the method the most 
usually resorted to, that of floating the ship into an artificial 
excavation at high water, and closing the entrance, when the 
water can be removed either by the fall of the tide through 
slnioes, or by pumping out. Of oourse, where the fall of the tide 
is limited, or, as in the greater part of the Mediterranean, fails 
altogether, the entire process of removing the water must be by 
pumping. ^ 

The construction of an excavated graving-doclt differs essen- 
tially from that of an ordinary or floating-dock. They may, in 
fact, be regfarded as the direct owiTcrse of each other. In 
the floating-dock the object is to keep the water voitbm the 
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exoaTation ; in the dry-dook every effort must be made to keep 
the water out of the dook. 

The Bides of a dry-dook alwap slope considerably towards 
the bottom. The depth to which the excavation is carried 
must depend upon the draught of the vessel intended to enter 
it, and, like the wot-dook, must be as great over the entrance- 
sill as the channel of approach. Timber is sometimes employed 
for lining the sides of small graving-docks, but masonry is 
preferable, and the floor should in all oases be lined with brick, 
stone, or oonorete. To facilitate access to the dook the sides 
are constructed with steps, or ** altars,” which at the same time 
serve as convenient resting-places to ^e shores or struts which 
support the vessel, and retain her in a vortical position after 
the water is withdrawn. The entrance is closed either by gates 
or a floating pontoon. If by gates, they are made to open 
outwards, and conversely to the arrangement of the wet-dock, 
the union of the shutting-posts is outside the straight line lying 
between the heel-posts. After a ship has entered the dry-dook 
she is brought into the centre by hawsers, and as the water is 
withdrawn and she settles down upon her keel, a proper system 
of blocks, wedges, and struts must be arranged in order that 


the clay was confined to a very small portion of the area reqnired 
for the dook, the remainder being nothing but quicksand of the 
nature described. The presence of sand led to the necessity of 
constructing an immense coffer-dam which should entirely sur- 
round the future dook, in order to resist the pressure ^ the 
treacherous soil, and keep back the water wMch percolated 
through it, since the foundation of the superstructure had to be 
laid 37 feet below mean-tide. The original ditm was commenced 
in 1842, and the piles used in the first instance were of yellow 
pine, 15 inches square, and from 35 to 40 feet long, secured jat 
the top and at the level of low water by horizontal wailings of 
oak 12 inches square, firmly bolted and tied once in every 10 
feet with iron tie-bolts 2 inches in diameter. A change ocotirred 
at this period in the superintending engineer, and the new super- 
intendent deemed it desirable to give up the use of yellow pine, 
in consequence of the hardness of the bottom soil splitting and 
shattering the wood under the blows of the pile-driver. Green 
timber was accordingly employed with success. 

The dam was completed according to the original plan in 
1846, being 470 feet long, and from 60 to 100 feet wii, with 
wings 175 feet long and from 15 to 30 feet wide. The frame- 


her vertical weight shall bo distributed uniformly over her keel, 
and her position retained there by horizontal shores. The de- 
tails of these arrangements need not be considered here, as they 
belong more properly to naval architecture. 

The form of a graving-dock is that of an elongated paral- 
lelogram with either rounded corners or curved extremities. In 
Pig. 18 wo show a section of a graving-dock, as soon from j 
either extremity, and in Fig. 19 a plan. The same letters refer | 
to both figures ; A, A representing the broad altar usually j 
half-way up; P, P, the 

floor; c, the entrance, ' 

closed either by gates or ■ 

a caisson. ' IZ 

At Boston, U.S., are nrf^ 

some fine graving-docks ^ 

of the kind wo have been ~ T' ^ ' " ' ' ' 

speaking of. Tlioy aro __ _~m 

341 foot long, and 80 foot 

broad at the ground- 

level. The depth of the Fig. 18. 

dook is 30 feet from the 


work stood well the removal of about 30,000 cubic yards of soil, 
but when only 6 feet of water had been pumped out, it became 
evident that the dam would yield to the extort pressure. The 
result was that nearly the entire length of the north-west wing 
was forced in at the top, and very shortly afterwards a part of 
the front of the dam was forced outwards, breaking some of the 
iron tie-bolts; and as the water continued to bo withdrawn, 
nearly every part of the dam yielded more or less. This obvious 
weakness in the original construction resulted in the necessity 

of driving an additional 

row of piles inside the 

.. .. former row, and entirely 

rouud the dam, the piles 
ill ^ ^ greater 

^ JjIj former 

W ' l * OUeS. With this ad- 

ditidnal strength, how- 

— — — — ^ i ^ ever, the dam yieWed at 

one point, piles settling 
Fig. 19. down vertically 3 feet 

which when drawn were 


level of the water at high tide ; but as the full of the tide is only ; found to measure from 33 to 37 feet in length. Water had 
13 feet, 17 feet of water must be removed by pumping. They | evidently penetrated beneath them ; consequently fresh piles 
aro lined with granite, and their cost was jB 150,000 each. The 50 feet long were driven along the face of the dam, whilst 
largo dry-dock at Portsmouth has the following dimensions : — another row of equal length was driven parallel to these and 


Length of floor 

ft. 

. . «100 

in. 

0 

,, of coping . . 

. . 426 

0 

Width at floor . , , 

. 35 

0 

„ at broad altar 

. 75 

0 

„ at oopiug . 

. . 99 

0 

Depth from coping to floor 

. . 33 

10 

„ at high-water springs . 

. 28 

4 


The lining is of granite from the floor to the level of the 
broad altar, 18 feet; the remainder and the floor being finished 
with Portland stone, bricks, and oonorete. 

The large dry-dook erected for the United States Government 
at New York may bo instanced as one in which a great amount 
of engineering skill was exhibited, owing to the very formidable 
difficulties which had to bo overcome ; its history is therefore 
most instructive. 

The ground selected for the position of this dock proved 
to be of an exceedingly treacherous and unsuitable character. 
The superstratum, for a depth of ten feet, is formed oWefly 
of decomposed vegetation, the growth of centuries, the annual , 
decadence of the primeval forests which once covered the 
the vegetable matter lies an almost impalpable 
quicksand containing a largo proportion of mica. The peculiar ' 
charaotoristic of this s^d is its firm, unyielding nature when 
dry, and its almost fluid state when saturated with water, in 
which condition it is moved by the slightest current of water 
passing over it. Trial borings wore made to a depth of 80 feet, 
and unfortunately these borings hit upon a mixture of clay with i 
sand, and although they failed to show the existence of rock, ! 
yet the presence of the clay led the engineer to decide upon the j 
position eventually adopts. The discovery of clay was truly i 
a misfortune, inasmuch as it was subsequently discovered that 


at a distance of 30 foot from them, for a length of 200 feet 
opposite the portion which hod yielded. A month or two 
after this a third breach occurred at the north-west anglo of 
the dam, and was first indicated by a sudden increase in the 
flow of water in one of the bottom springs, and also by its 
change of character from fresh to salt ; the change alternating 
several times within a few minutes ; and in less than an hour 
the volume of this spring had increased to five times its 
, former amount, bringing up in its waters immense quantities 
I of the black mud which overlays the quicksands in the bottom 
of the bay. Some of the piles shortly settled down vertically 
from 5 to 6 foot, and in this instance again the evident cause of 
the breach was the insufficient length of the piles. Subsequently 
fresh piles of from 50 to 62 feet long were employed ; yet so 
unstable was the material upon which the dam rest^, that 
although the piles penetrated it from 15 to 25 feet below the 
foundations of the dock, it still continued at times to yield to 
the pressure of water and soil, and was only sustained by the 
closest watchfulness. 

As the excavation proceeded, and as consequently the support 
afforded internally by the soil was withdrawn, it was found 
necessary to attach cham-cables of iron two inches in diameter 
to the dam, and secure them to mooring blocks on the shore ; 
these cables were, however, frequently broken, no lees than six 
being fractured in one nighty^pon one occasion. Gradually, as 
the work progressed, rows of foundation-piling were driven in 
front of the main piles, and at a few feet distant, buttresses of 
earth being left behind them, and against these stWts of timber 
were planted, their heads pressing against the dam. The 
masonry on the foundation was laid in sections, and braces were 
likewise extended from it to the dam. The thrust upon these 
braces was so enormous, that on one occasion it had the effect 
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of moying bodily a mass of masonxy exceeding 250 tone in 
weight. 

The ooffer-dam wae composed of a number of piles reaching a 
total of 3,504, their average length being 89 feet, and having an 
average teotkm of 15 x 16 inches. The entire cost of the dam, 
including repays to breaches, was ^251,243 11s. 9d. 

The excavation for the dock covered an area of 2 acres at 
top, and rather more than 1 acre at bottom, and extended to a 
depth of 42 feet; being 37 feet below mean high-water, and 
required the removal of 112,000 cubic yards of eai^ ; the semi- 
fluid nature of the soil rendering its removal both difficult and 
expensive. The coat of excavation alone was <£29,463 128. lid. 

Hio* obstacles opposed to the progress of the work from the 
number and magnitude of the fresh-water springs found at the 
bottom of the excavation were immense. They were wholly un- 
connected with the tides, as was evidenced by ^eir difference of 
temperature and perfect freshness, and proved that their origin 
came from a far l^her level, by their pressure. The water they 
discharged contained a large propo^on of exceedingly fine 
sand, there being from 17 to 27 ounces of sand in from 33 to 
38 gallons of water. The largest of the springs discharged 10 
gallons of water per minute. The sand was of the same cha- 
racter as that in which the piles were driven, and the danger of 
its removal arose from the gradual undermining of the whole 
ooffer-dam. It was utterly impossible to check flow of the 
water with safety, as its pressure under accumulation was found 
sufficient to raise the foundation, however heavily loaded. It 
was therefore necessary to provide for its flow, and at the same 
time to check the escape of the sand. So great was the 
pressure of the pent-up water that in one case it burst up through 
a bed of concrete 2 feet thick ; and this outburst being checked, 
it in a few days burst up through another bed 14 feet distant. 
The ultimate course adopted was as follows : — An area of 1,000 
square feet around the troublesome spring was laid with plonk ; 
upon this was laid a floor of brick in dry cement, and upon 
that another layer of brick with Boman cement. The space 
was next filled with concrete, and the foundations completed 
over all with the utmost despatch, vent-holes being left through 
the floor and foundations. By this means the exit of the spring 
was forced up to a level 10 feet higher, and it was then found 
to run free from sand. 

During some severe weather in 1848, two of the springs were 
closed by freezing, and as a oonsequence forced up 1,200 feet of 
the foundation, including the first course of stone, which was 
from 12 to 15 inches thick. None of the springs were closed 
until the inverts had been laid and the cement well set, and 
when closed they exerted an upward pressure so great as to force 
the water through the joints of the masonry, without, however, 
disturbing the stone-work. A 25 horse-power engine was kept 
in constant work to keep under the in-flow of water, the cost 
alone of temporary drainage being jB14,142 10b. lOd. 

The entire superstructure of masonry rests upon bearing piles 
from 25 to 40 feet long, and averaging 14 inches in, diameter at 
the head. They consist principally of round spruce. The sheet- 
piles are of yellow-pine plank 5 inches thick, and averaging 154 
feet long. The chaoraoter of the soil was such that it was deemed 
expedient to drive as many piles as could be forced into the earth, 
and they were for the most part driven up to the point of absolute 
resistance, and whenever a weight of 2,000 pounds falling 35 feet 
ceased to drive a pile more than 3 inches at a single blow, 
another and a larger pile was driven alongside it. Bach pile 
while being driven was protected at the head by a band of iron 
1 inch thick end 3 inches deep, made of the toughest iron that 
could be produced. The total number of round piles under the 
foundation is 6,539, and of sheet piles 1,744. The greater 
number of these piles were driven by hammers or ** monkeys *' 
weighing from 2,000 to 4,500 pounds each, falling from 30 to 
40 feet, and the average number of blows given wiA the smaller 
hammer was 151, and with the larger hammer 50 ; an instruc- 
tive fact, showing the advantage resulting from the employment 
of a heavy hammer for pile-^ving, since a hammer weighing 
only 2*25 timee another hammer, performed fully throe times the 
work. A small portion of the piles — 541 — ^were driven with a 
Nasmyth’s steam pile-driver, but its frequent derangement 
prevented its relative value being fairly tesM. 

The foun d a t ion of the dock was laid on the levelled heads of the 
bearing-piles in the following manner t — Conorete masonry 2 feet 
deep was laid between the bearers and levelled with their heads. 


which were then capped with yellow pine of a scantling 12 X 14 
inches laid transversely with the axis of the dock, and fastened 
to each pile with trenails. Conorete was again laid between these 
timbers and raised to a level witii them, and a flooring of 2-inoh 
yellow-pine plank laid upon and spiked to them. Another and 
a similar course of timber was laid upon this floor, breaking joint 
with the lower planks and trenailed to them ; the intervals wore 
again filled with concrete, and another floor of plank laid over 
all. The concrete employed was composed of 1 part of hydraulic 
cement carefully test^ ; 2 parts of coarse, clean sand ; 8^ parts 
of broken stone; and 24 parts of beach pebbles; the cement 
and sand being first mix^ into a mortar, then the broken stone 
added and well mixed, and lastly the pebbles, ^e cost of the 
foundation to the point indicated was J682,115 98. lOd. 

. The apron of the dock extends for a distance of 45 feet into 
the chapel of the bay, the foundation of the apron being 
strengthened by additional piles whose heads were covered with 
bevel-hewn timber secured by trenails, the space around and 
between the piles being filled with conorete to a depth of 2 feet ; 
whilst dovetailed stone blocks are plaoed between the timber to 
prevent their floaty, the whole being covered with 3-moh plank. 

In the foundation and superstructure of this dock 80,000 
tons of stone were employed. The masonry foundations are 
400 feet long and 120 feet broad. The dock is capable of being 
used either in whole or in port, there being gates placed inter- 
mediately between the extremity and the entrance at a distance 
of 52 feet from the latter ; the entrance itself is closed by a 
caisson. The main chamber is 286 feet long and 30 feet broad 
at the bottom, and 807 feet long and 98 feet broad at the level 
of the coping ; and the entire length available at mean high- 
water is 850 feet. The least width is at the hollow quoins of 
the gates, where the dock xiarrows to 68 feet, and the least depth 
is over the mitre-sill, where the water is 26 feet deep at high- 
water. The Tcrtioal height of the wall is 36 feet. The flooring 
of dock is an inverted aroh formed of stone from 4 to 6 feet 
deep, each stone being very large and heavy, the smallest 
weighing over 3,000 pounds, and many over 1 5,000 pounds. The 
mitre-sillB are of granite blocks of immense size, the key-stone 
before being out having had an estimated weight of 50 tons ; 
after being dressed it weighed 48,300 pounds. 

The cost of the masonry, exclusive of cutting the stone, was 
^89,515 158. 8d., and the cost of cutting was .£50,009 19s. 8d. 

The gates are of iron, and with the machinery for working 
them weigh 187 tons 8 owt. Their entire cost, inoludi^ 
machinery, was ^18,989 Ss. 4d. They are curved on the interior 
face to a zadius of 74 feet 9 inches, which of oonrse corresponds 
with the curve of the mitre-sill, and 76 feet 8 inches on the 
exterior face. They can be olos^ in ten minutes by four men 
to each loaf. 

The caisson is an iron vessel 50 feet long at the keel, and 
68 feet 8 inohes at the top. The breadth of beam is 16 feet at 
the mid-ship seotion, and 7 feet at the keel. The keel and 
stems are built up of plates of f-inoh iron to a oombinod width 
f of 2 feet, and l^ve a prqjeotion of 9 inches. The frame is oom- 
I posed of vertical ribs of iron, 81 on each side, bent to the form 
of the vessel, and covered with boiler plate stiffened at the 
oontaot with the ribs with angle iron. The thioknoss of the 
plates varies, being of f-inoh iron at the bottom, and diminishing 
gradually by -J* to •J'-inch at the top ; the whole being secured to 
the ribs by rivets. The interior horizontal layers or decks are 
supported by hollow cast-iron columns, 6 inches in diameter 
and 4 inohes bore, through which are passed 3-inoh wrought-iron 
rods, secured to the keel-plato and maiu-deok by keys. The 
weight of the caisson is 217 tons 9 owt. 78 pounds, and carries 
a weight of 105 tons 11 owt. 63 pounds as ballast. Its cost 
was ^18,544 ISs. 4d. The pumps for removing the water from 
the dock are capable of emptying it in 24 hours, its capacity 
being 610,000 cubic feet. The steam-cylinder actuating the 
pumps is 50 inches diameter, and 12 feet stroke. There are two 
pumps, each barrel being 68 inohes diameter, and 8 f^ stroke. 

The removal of the coffer-dam after the construction of the 
dock was completed was a work of considerable difficulty. The 
first pile drawn from the outer row required a force of 680 tons 
to start it out of the earth. No application of ohain-oables and 
levers was of any use, but they were finally extracted by a 

Dick’s Anti-friction Press *' worked by four men. 

The dock ooonpied from first to last a period of ten years in 
construction, and involved a total cost of ^449,857. 
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of colour than mnsHns or oalioo-printft, owing to the that 

Hght to the eye of the 
obierrer, destroys a certain portion of intcnsiiy of ^e effect 
of colour which a less reflective material would exhibit. Silk, 
as a material, also conveys to the mind an idea of costlineas or 
worth, and wherever the material does so the pattern may be 
richer in colour than it should be in cheaper and commoner 
fabrics. If a pattern is in two tints of the same colour only, aa 
in the case of those woven silks where the pattern is formed by 
the contrast of “tabby” and satin, it may be considerably 
larger than in those cases where it is rendered conspicuous by 
colours. 

This latter remark will apply also to damask table linen, and 
, to all similar materials, as well as to dress fabrics, and draperies 

such as window hang- 
ings; but of these we 
sh^ say a word shortly. 

The dosenesg or open- 
ness of a fabric should, 
then, be considered when 
we design patterns for 
their enrichment, and so 
should the nature of the 
material, as this will in- 
fluence its deadness or 
lustre. But there are 
also other considerations 
which must not be lost 
sight of. If the pattern 
is to be wrought by 
printing, then one class 
of conditions must be 
complied with ; if by 
weaving, then another 
class of requirements 
call for consideration. 

The requirements of 
manufacture are much 
more numerous than 
might be supposed, and 
are in some cases very 
restriotive. The size of 
the repeat, the manner 
in which colour can be 
applied, the character of 
Buriace attainable, and 
many other considera- 
tions have to be care- 
fully complied with be- 
fore a pattern can appear 
as a manufactured 
article. 

The chief fault of 
patterns, as applied to 
fabrics generally, is their 
want of simplioity, want 
of simple structure, want 
of simple treatment, 
want of simpUdty ol 
effect; and tocher with 

have a border, which is as necessary to it as a frame is to a j this wo generally And largeness and coarseness of parts, 
picture. These errors arise largely out of a want of oonsideratioii of 

Having thus summarised the principles that govern theappli- the capabilities of the material. What can be done with this 
cation of ornament to carpets, we may proceed to notice the or that particular fabric, is a question that we should carefully 
conditions governing the decoration of other woven fabrics. ask ourselves before we think of preparing a dedgn. Have we 
The first tiling to be considered is the nature of the cloth colour at our disposal, or texture merely P and if oolonr, can it 
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BT CKBXSTOPKSR DBSBBER, PB.B., F.L.8., ETC. 

CABPJUTS, AND WOVEN FABBICS QENEEALLT. 
Before we leave the oonsideration of carpets we will state in 
axiomatic form the conditions which govern the application of 
ornament to them, as reference can more easily be mode to short 
concise sentences than to more extended remarks. 

1st. Carpet patterns may with advantage have a geometrical 
formation, for this gives to the mind an idea of order or 
arrangement. 

2nd. When the pattern has not a geometrical basis, a general 
evenness of surface should be preserved. 

3rd. Carpets ore better not formed into “ panels,” as though 
they were works of wood 
or stone, but should 
have a general “ all 
over ” effect, without 
any great accentuation 
of particular parts. The 
Indian and Persian car- 
pets meet this require- 
ment. 

4th. While a carpet 
should present a general 
appearance of evenness, 
parts may yet be slightly 
“pronounced” or em- 
phasisod, so as to give 
to the mind the idea of 
centres from whioh the 
pattern radiates. 

5th. A carpet should, 
in some rospocts, re- 
semble a bank richly 
covered with flowers ; 
thus, when seen from a 
distance the effect 
should be that of a gene- 
ral “ bloom ” of colour. 

When viewed from a 
nearer point it should 
present certain features 
of somewhat special in- 
terest ; and when looked 
at closely new beauties 
should make their ap- 
pearance. 

6th. As a floor is a flat 
Burfooe, no ornamental 
covering placed on it 
should midee it appear 
otherwise. 

7th. A carpet, having 
to serve as a background 
to furniture, shoi^d be 
of a somewhat neutral 
character. 

8th. Every carpet, 
however sma^, should 



Pig. 69. 


on whioh the pattern is to be worked — ^whether it is of open 
or close texture. Pabrios of an open character should bear 
upon tl^m a larger pattern than those which are thicker or 


be employed fretiy or only sparingly P and can any eolours be 
placed in juxtaposition or only certain tints P These are qnee- 
tions of great importance, and they ahonld be asked and care- 


closer. The openness or closeness of the fsbrio will thus de- fully considered before the first step is taken towards the fonna- 

. ^ i. J, i. A A* ^ ^ . . . 


termine, to an extent^ the nature of the ornament whioh is to 
be plao^ upon it MnsUns, being open in charaotert should 
have larger patterns then calicoes, which are closer in texture, 
or the pattern will be indistinct in the one case or coarse in the 
other. 


tion of a pattern. Having ascertained what can be done with 
the material at command, let ue ever remember that we tiiould 
always endeavour to so employ the capabilities of a material as 
to conceal its weakness and emphasise its more derirable effects. 
If this consideration were always given by detignert to the 


But not only does testnre influence the pattern when con- power whioh tiie material has of yiti^g effects, we should see, 
sidered as to coarseness or floenees, but also the nature of the in very many instances, effects stnmgely different from those 
cloth as regards materiaL Thus silk will bear greater fulness [ which wC often encounter ; and this remark applies to no dasa 
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of fabtios more Mly than to damaek table-Unen and coloured 
damask window-han^gs. 

No satisfaotory effect can be got in light and shade upon any 
woven or printed fabric ; besides, to attempt such a mode at 
treatment is abenrd. Light and shade belong only to pictorial 
art The omamentist when enriching a fabric deals only with 
a surface, and has no thought of placing pictures thereon ; be 
has simply to enrich or l^utify a surface which without his 
art would be plain and unomamental. A picture will never 
bear repetition. Who ever heard of a man having two copies of 
one picture in a room ? Yet how much more absurd is it to 
repeat a little picture — perhaps a piotoriaUy rendered flower — a 
hnndred times over one surface ! Besides this, a surface must 
always be treated, for decorative purposes, as a surface, and not 
in a manner caloiQated to deceive by giving apparent relief, or 
thickness, to that which is essentially without thickness. Take 
a common damask table<oover. This is by custom always white, 
although it would be better if of a deep cream colour, or buff ; 
and the pattern which it bears results from a change of surface 


false is preferred to the true, if the true is not procurable with 
tho means at command. 

While I cannot withhold praise from this little spot, it must 
not be thought that I thereby ^give to it a high place as an art 
work. Little is here attempted, and that little is done weQ. 
But let ns analyse this pattern. First, the spots are of one 
tint throughout, if I may thus express myself — ^atint, shall we 
■ay, which is the reverse of that of the ground. It is not shaded 
so i^t it may appear as a ball or globe, and is not graduated 
in “colour*' in any way (were it graduated or shad^, feeble- 
ness of effect must inevitably accrue), but is a simple, honest 
spot, treated as a surface ornament. Second. This spot is geo- 
metrically arranged, or, in other words, has an orderly arrange- 
ment. 

If an attempt is made at rendering a pictorial, or light*and- 
shade effect in damask, an absurd failure can alone result, for 
depth of shade is not obtainable in the material ; and, besides 
this, what appears as shade, when the cloth is seen from one 
point of view, appears as light if seen from another point of 



Fig. 70. 


only (why a margin of “ingrain ’’ colour is not added, I could 
never see) ; yet in nine oases out of ten the pattern which is pre- 
sented by such a fabric is a miserable shaded attempt at a pic- 
torial trMtment, and is also a thorough failure. 

Simplicity of pattern naturally acc^s with a simple mode of 
production, and the means of producing pattern in damasks is 
certainly most simple. Yet that there is a natural harmony 
between simplicity of pattern and simple means of producing an 
art effect is obvions, for of all patterns that I have ever seen upon 
/iamaak table-linen the atmple spot, or dot, is the most satis- 
faotoxy. If, combined with this spo^ we have a border formed 
of a simple Greek “ key-pattern," or of mere lines (a very usual 
border to good cloths), tbe effect is perfectly satisfying, and, as 
far at it goes, is highly to be commended. 

It is curious that this spot is only sold in the better quality 
of table-linen (at least, so they tell me in the City), and this 
shows ^t the wealthy, or, in other words, the educated, buy 
such patterns, as they prefer the tme to the meretr^ons, while 
the false and Aowj devioea which we aee on the common cloths 
please only the common people of vnlgar taste. I am not sure, 
however, that many persons whose means are limited would 
not buy spots and other simple, bat oorreotly treated, patterns, 
if anoh were to be got in oommon qnalitieo of damask ; but when 
the pocket must govecn the pnrdhase, it ii hard to say that the 


view. Nothing could be more abenrd, then, than seeking to 
produoe shaded effects with sneh moans as are here at our dis- 
posal. But were the fabrio capable of rendering snob ^ects, 
it would still be wrong to employ them, as we deal only with the 
surface, and are seeld^ to enhance the value of, or l^ntify, a 
fabrio, and not to cover it with pictures. In onr simple spot- 
pattern we have those elements which may be extended into the 
richest and most artistic damask patterns. We have orders os 
indicated by the geometrical plan of the pattern— -and an honest 
and simple expression, or application, of the capabilities of the 
material. 

All table-covers should certainly have a border. Any object 
which ia to be need as a whole looks tmsatisfaotory if tt appmn 
as though it were a part of a whole. U a cloth is without Imrder, 
it is impossible to avoid the impression that it is a part oi » 
larger c^h, and in every respect the general effect is decidedly 
unsatisfactory. 

1 introduce into this artiole two illustrations of woven fabrics* 
The first is that of Austrian oloUi of gold (Fig. 69), tbe seomid 
of Indian embroidery on oottem (Fig. 70) ; but of these I shall 
speak in my next paper on this subject. I insert them in this 
B^ole wirix the view of leaving room in my next chapter for 
some additional illustrations of woven fabrics wMoh will aid ns 
in onr studies. 
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ELECTRICAL ENGINEERING.— XXY. 

BY EOWABD K. O’ZBBm, B.B., A.S.T.B., 
DomonitratoY in Blectrioal Engineering, Cit^ and Quilde of London 
Technical College, Finsbury. 

ACOUMXJLATOBS-FOEMATION OF THE PLATES- PEECAXT. 
TIOKB IN SETTING UP AOCUMULATOKS-SULPHUEIC 
ACID. 

The filling of the grids with paste is an operation which can 
be performed in a manner by a person of very limited electrical 
knowledge! but the best method of doing it is a careful^- 


connected in series, and placed on a stand snoh as should in aU 
oases be need for them. 

The plates are contained in rectangnlar glass Teisels. Glass 
is an admirable substance for this purpose when the cells are 
used in a stationary installatioa ; it is so easy to examine the 
condition of each plate by holding a light behind the aocumu«* 
lator, and looking through between the plates. The acid should 
not be added to the accumulator till everything is ready for 
starting charging. Connection is formed between one cell and 
another by bolting the lead lugs together with a brass screw. 
It is advisable to cover this junction with paraffin wax in order 



gmsrded trade secret of each of the companies. The main out> 
lines of the process are as follows : — 

For the brown plates, take as much red lead as will make 
enough paste for a single plate, and mix it with sulphuric acid, 
diluted with eight times its volume of water. Mix them in a 
wooden bowl, adding sufficient acid to form a soft paste, which 
should be immediately spread over the grid with a wooden 
spatula, the superfiuous paste being carefully scraped off be- 
fore it hardens. This operation should be performed as quickly 
as possible ; any delay is ruinous to the plate. The reason why 
no time should be lost appears to be that the addition of the 
sulphuric acid (H9SO4) converts the red lead (Pb304) into sul- 
phate of lead and peroxide of lead, and this conversion should 
not be completed before the paste has been placed in the 
position which it is ultimately required to occupy. The re- 
action which takes place in this process may he chemically 
expressed thus 

Pb,04 -1- 2HaS04 == PbOj + 2PbS04 + 2H2O 

Medttad Sulphuric add Peroeidc e/Uad Sulphate 0/ lead Water. 

Both peroxide of load and sulphate of lead ore insoluble in 
sulphuric acid. 

The plate is then placed to dry for about twenty-four hours 
at a moderate temperature. When the operation has been 
properly carried out the paste ought now to consist of a hard 
solid mass adhering firmly to the grid. 

The pasting of the grey plates differs from the above only 
in the different materials used. Litharge is employed in- 
stead of red lead, and a weaker acid, one part in twenty of 
water, is used. 

PKBGAUTXON8 IN BXTTlNO UP ACOUHUtiATOBS. 

The plates having been formed, are now ready for use in 
accumulators. Fig. 53 illustrates three b.p.b. aooumulaton 



to protect it from the acid spray given off from the liquid when 
charging. If the junction becomes hot owing to the connection 
being imperfect, and therefore having a high resistance, the 
wax heats and runs off, thus giving warning of a loose con- 
nection to the person in charge. In order to prevent the spray 
from being given off from the accumulator, a piece of glass 
should be placed over 
each one, and inclined at 
an angle so that as the 
spray meets and con- 
denses on this glass it 
shall run back into the 
cell. A still better plan 
is to use curved glass 
covers which rest on the 
sides of the cell. 

Each cell should be 
placed in a wooden tray 
or on two pieces of wood, 
which in their turn are 
each supported by two oil 
insulators similar to the 
one illustrated in Fig. 59. 

The upper figure shows a 
perspective view of the 
insulator, while the lower 
figure is its section, showing the oil. This plan perfectly insu- 
lates each accumulator, and avoids the possibility of any loss 
through leakage. The cells should on no account be pla^ in 
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iawdnst, or even on boards, whieh sooner or later become 
soaked with acid, and form a semi-oondnoting film from one 
oeU to the next. This state of affairs allows a small oorrent to 
be oontinnally flowing, which lowers the effective capacity of 
the accumulator. 

FOBMATION OF THE FLATBB. 

This operation is not the same for both kinds of plates. 

To form the brown plates : a number are placed in a shallow 
bath and all their luge soldered to a copper wire. In this 
form they are used as an anode, the kathode being formed by 
any convenient conductor. When all is ready, acid of strength 
one in four is run into the bath, and the current immediately 
started. This current must be kept on continuously for about 
twenty hours, at the end of which time the plates will have 
become fully formed and have attained their usual brown colour. 
The terminals of these plates are always painted red, while 
those of the grey plates are usually painted black. This custom 
is extremely convenient when coupling up a battery, and it is 
now almost ^universal. 

The formation of the grey plates is a more tedious operation. 
They are placed in a bath so as to form the kathode, the solu* 
tion being sulphuric acid diluted with about twenty times its 
volume of water. A much weaker current is used for forming 
them than is the case with the brown plates, and the process 
takes about a week to perform. Any increase of current only 
evolves hydrogen from the liquid, and the process of formation 
is not hastened. 

ACID. 

The quality of the acid used both in the construction and 
maintenance of accumulators is of importance. The common 
commercial acid made from iron pyrites contains arsenic as an 
imparity, and should not be used when pure acid made from 
native sulphur can be obtained. The acid used in accumulators 
is always diluted with a considerable quantity of water. The 
useful range for acid in accumulators lies between a solution oon> 
taining 15 per cent, of add to 85 per cent, of water. 


The level of the add gradually becomes lower owing to evapo- 
ration, and should be rectified by the addition of pure water, 
since it is the water alone that evaporates, not the add. 
Boring charging a certain amount of spray is given off 
when the cell is nearly charged, which spray carries off some 
acid with it ; in consequence, the density of the solution falls, 
and it becomes necessary to add some* add to the solution. 
Pure add should on no account be added to the cell ; it heats 
the cell violently, and rots the grid ; the add should be added 
only when diluted with pure water. The resistance of the 
add used in accumulators decreases as the density increases, 

I while if the acid through any cause becomes very dilate the 
I resistance of the accumulator rises considerably. The con- 
sequence of such a state of things is, that though the accumu- 
lator may contain plenty of electrical energy, it cannot give out 
its normal strength of current owing to its high internal re- 
sistance, and its efficiency will be considerably diminished 
owing to the greater amount of energy that must neoessarUy 
be expended in uselessly heating the cell itself. The variation 
I of density should be kept as small as possible, and in order 
to insure that this shall be so there must be plenty of acid 
present in the cell, and plenty of room for its proper droulation. 

It was formerly the custom to have the plates as close 
together as possible so as to decrease the internal resistance, 
but experience has proved this to be a mistake. In the modern 
types of the b.f.8. and the Drake and Gbrham accumulators, 
the distance between the plates has been increased to about 
I il^^ths of an inch, and in some cases the distance is increased 
to as much as fths of an inch ; this distance being maintained 
by means of the lead bands connecting the plates, and by the 
cdluloid forked insulators which pass over each plate os seen 
in Fig. 59, and which keep them the required distance apart. 
The advantages thus attained are : — 

(a) . There is less chance of short-circuiting by pieces of 
paste or other materials falling between the plates. 

(b) . There is more space for the circulation of the acid, which 
consequently varies less in density. 
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the density of the first solution being 1*106, 

,, ,, second ,, 1*198. 

The density of acid which gives the greatest 
amount of oxygen and osone on electrolysis 
is about 1*25, but a density greater than ,1*2 
should never be used in accumulators; while 
it should never be allowed to fall below 1*1. 
The density of the acid in an accumulator de- 
pends entirely — within the above-mentioned 
limits — on the condition of the plates, or, in 
other words, upon the amount of charge in the 
cell. When the cell is fully charged, the density 
of the acid is a maximum, but should not rise 
above 1*2. When the cell is completely dis- 
charged, the density is a minimum, but not 
lower than 1*1. In the intermediate stages of 
charging, the density is very nearly proportional 
to the charge in ^e accumulator. In order, 
then, to be able to tell the amount of charge 
loft in any cell, all that is necessary is to know 
the density of the liquid. This can be deter- 
mined by a special hydrometer made by the 
F.P.S. Company. It is quite flat, so as to float 
easily between the plates of the accumulator, 
and is graduated from 1*050 to 1*350. It is 
illustrated in Fig. 60, and is an instrument 
which, when used with accumulators, and intel- 
ligently and rogularly observed, supplies a fund 
of valuable information regarding the working 
of the accumulator and the quantity of electrical 
ener^ stored corresponding to each particular 
densi^ of acid. When the accumulator comes 
from ^e manufacturer it is supposed to be fully 
charged, and therefore it is made up with a 
strength of acid but slightly lower than the 
strongest it is over intended to use in it, namely, 
1*2 ; but on this point it is well to follow the 
instructions of the manufacturers, since they 
Fi g. 60.-*- alone can know to whht degree of complete- 
htdbometer. noM the process of formation has been carried 


(c) . The resistance from plate to plate is more evenly dis- 
tributed, the current density is more uniform over the whole 
surface, and there is therefore less tendency of the plates to 
buckle. 

(d) . The difference between the resistance of the paste pellet 
and the exposed grid becomes relatively inappreciable compared 
with the total resistance from plate to plate. 


OBJECT DRAWING.— VIII. 

The outline of the group (Fig. 44, page 288) having been thus 
completed, we proceed with the shading, and it will bo seen that 
in the example the light is placed on the loft side and higher 
than the pyramid; it will therefore be evident that the brightest 
light will be on the left side of the most prominent angle of 
the pyramid, and then on the left side of the prominent edge of 
the oblong block and of the cube. The right-hand side of the 
whole group will, of course, be shaded. The margin of the 
base of the pyramid, too, will be in shade, but its tone will be 
rather darker than that of the sides ; whilst the shadow cast on 
the oblong block by the projecting pyramid, and the cast 
shadows on the ground and on the upper surface of the cube, 
will be the darkest of all. 

It must be remembered that the most brilliant lights and 
deepest shadows ore those nearest the eye, and that both of 
these diminish in intensity as their distance from us is in- 
creased. In shading, therefore, we must follow this natural 
effect. Thus, in the present group, the brightest light follows 
the most prominent angle. The surfaces, however, do not 
remain equally bright over their whole breadth, but the light 
gradually tones down as the surface recedes. Similarly, the 
shade on the right side is darkest whore the surfooe is the most 
prominent, and the depth of colour is softened down as the 
distance increases. 

This is sometimes called aerial perspecHvey or the perspective 
appearance cansed by the air, for the farther an object or 
surface is removed from the eye, the greater will ^ the mass of 
atmosphere intervening, and thus a sort of medium is formed 
through which the object is seen more or less distinctly, 
according to the denseness of the air. Thus, in a dear day, 
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distant objsotn appaar much naarar than they do whan the 
atmosphere is hazy; and this aoootints for the sha^ness oi 
outline and apparent flatnesi of objects seen in countries noted 
for the oloamess of the air. , a j 

24 ot only, however, is it found that the lights and shades 
nir^ir^imh in intensity as they recede from the eye, but, as a 
necessary consequence, the contrast between surfaces becomes 
also less pronounced, and their outlines less distipct, the more 


From the angles of this figure perpendiculars are to be drawn 
which will out the base in corresponding points, and these 
being joined, the view of the octagonal prism will be oom« 
plet^. 

The shading of this object in its present position will be 
found extremely simple, the principles having already been 
explained. In accordance with these, since the light is sup 
posed to fall on the front and left side of the prism, they will 

, . p nm_ _ a- . 1 .» .n 



Fig^ 



thwnselves should vary in the thickness of 
the lines, and should become fainter and finer 

Fig. 45 represents an octagonal prism. 

Before entering on this study it is necessary 
to preface it by an elementary geometrical 
oonstroction, in order to show the reason for 
the disposition of the lines. 

Iiet ▲BODSFGK (Fig. 46) be an octagon 
of which a perspective view is required. 

Now, as in the case of circles, it is neoes* 
sary tlmt polygons should be enclosed in reo- 
tongolar figures, and the one which will best 
contain an octagon is the square formed by 
producing four of its sides — viz., 

XJ X L. 

Draw the diagonals i x and 
L also the lines a r, B x, a D, 

H c, cutting the diagonals in M, 

N, o, P. 

Put the square ij x L into per- 
Bpeotive, and draw the diagoiials. 

I^t off spaces Z a, t 5, as shown 
in the annexed figure (Fig. 45), 
oorresponding to those lettered 
li A and I B. From a and h 
draw lines to the point of sight, 
cutting the diagonals in m, n, 
o,p. 

Through w, n, o, p draw hori- 
zontal lines which will out the 
sides ij and hi in c, d, <7, h. 

The points a, h, c, d, e, /, g, h 
are the angles of the octagon 
perspeotively rendered os lying 
on the ground-plane with two of 
its sides parallel, and two at right 
angles to tho pioturo. 

Prooeeding now with Fig. 45, 
it will be evident that, if a plane 
octagon is contained in a square, 
on octagonal prism toill be con- 
tained in a $olid oblong (called 
geometrically a parallclopiped). 

In commencing, therefore, io 
draw the object, sketoh this 
oblong, as shown by the dotted 
lines which are retained io act 
as guides, but which may be 
rub^ out in the drawing when 
the required figure has bm cor- 
rectly deUneat^ 

In the present group it will 
be evident that the eye of the 
■peotator is on the right-hand 
side of the objects, and on a 
higher level 

The student is advised not to place his models exactly like 
those in the example, but to ad(^t the principles laid down, 
instaad of copying the drawing. Aasuming, however, that he 
has the exact modela, his view will vary aomding as his eye 
it above or below, on the left or right of the group ; and in 
determining, therefore, the position of ihe point d sight he will 
be guided by the instructions already given. Having, then, 
sketched the general fortii of the oblong block, rendering it as 
if transparent, the perspective representation the octagon is 
to be drawn in the figure representing the square top ^ the 
block in the manner already shown in the preceding paragraphs 
of the present lesson. 



be on the right side, wMoh, bemg a part of 
the square block in which the octagonal prism 
is contained, is at 90^ to the picture-plane ; 
whilst the side between this and the front being 
at only 45^, will be of a lighter tint. 

The objects represented in the next figures 
will possess some interest for carpenters and 
joiners, since they show the method of drawing 
pieces of wood which are to be “halved*' 
together; a process, which has been de- 
scribed in lessons in “Building Construotion.*’ 
Figs. 47 and 48 show the pieces separately. 
Out of the upper side of the one and ‘^e lower 
side of the o^or pieces are out, the recess being 
in each case as wide as the wood 
to be snnk into it, and half as 
deep ; and thus, when the pieces 
are brought together, the thick- 
ness at A fiUs up the depth of 
B, and the surface c becomes 
flush with D; a square mortise 
is out through both pieces, for 
a purpose to be subsequently 
explained. 

In drawing these pieces, no 
notice if, in first instanoe, to 
be taken of the reoessea, but the 
pieces of wood are to be drawn 
as if complete. The square end 
of the lower piece is to be drawn 
first, and from this the long 
edges converge to the point of 
sight, in the manner alrWtdy ex- 
plained. 

On one side of tho square mark 
B, the depth of the rococos, and 
from E dxuw a line to the point 
of sight. Then, having marked 
F and o, draw horizontal linea 
aoroBB the upper surface, and 
from the extremity of each draw 
the vertioal lines, as at b, as far 
as the line e. The rest will be 
easi^ understood from the illus- 
tration. 

In Fig. 48, which is parallel 
to the plane of the picture, the 
front is, of course, to be drawn 
first, of its true proportions, 
but slightly diminished, in oon* 
sequence ci being placed at a 
short distance ba^ in the pic- 
ture, so as to be immediately over 
the middle of Fig. 47. The 
upper Burfaoe and end of this 
piece will be drawn as in pre- 
vious cases ; and the recess is next 
to be drawn, care being taken that it oorresponds in width with 
the line at f. The mortise will be easily drawn without further 
explanation. 

The object formed by the union of the pieces will be a oross, 
which will be the subject of a subsequent stnidy. 

Figs. 49 and 50 are two pieces of wood of the same thickness 
as 47 and 48, and making together, inelnding the length 
of the tenon, the same length as the other two pieces. The 
tenon on Fig. 50 is fiat, t^t on Fig* 49 is square, and has a 
spaoe equal to one-third of its width out away ; the tenon on 
Fig. 50 it exactly equid In width to this space, into which it 
fits; and thus, in makittg up the length, only one cf the 
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tenons is oonnted. .Wlien, therefore, the tenon a is inserted 
into the groore h the whole piece becomes the length of Figs. 
47 end 48, end its purposes will be shown in a future lesson. 

The mc^od of drawing these two pieces is precisely the 
anjmft as that already shown, and therefore no former explana* 
iion is deem^ necessary. 


t i 1 h for the end of the one bar which is at right angles to the 
plane of the picture, and from the angles draw lines to point of 
sight, meeting the distant side of ^e idab in m, n, o; lines 
joining these points will complete this bar« 

Draw the diagonal & e, which will cut the linesj n and i m in 
p andg. 



IHg. 51 shows the cross lying horizontally, and serring as a 
stand for an upright. This construction is used for a variety 
of purposes that readily suggest themselves. 

Now it is clear that a cross having four equal arms would 
be contained in a -square slab, and this knowledge shows ns the 
most simple method for drawing the object. 

Let ah d c he the front edge of such a slab, its length and 
thickness being those of the wood of which the cross is made. 

Complete the view of the block, rendering it as if transparent. 

Now, in the middle of the rectangle ah de draw the square 


Through p and q draw horizontal lines, which meeting a e in 
r, 5 , and hfint, u, will grive the upper Surface of the second 
bar of the cross. From p draw a perpendicular to mwt the 
line I 0 , and this will give the point through which the line v w 
is to bo drawn ; the lines r v, t w, and u z will then complete 
the view of the cross. 

Now at the points of junction of the two bars raise perpen- 
diculars, and finish the upright, as in Fig, 50. 

The shading of this object is ezoee^ngly simple, aUd will be 
readily understood on reference to the illuirtrath^ 




THE TBOHNICAL BDUOATOIL 


316 


NOTABLE INVENTIONS AND INVENTORS. 

XXX.-OLABS-HAKIKO 

BT JOHN TIVBB. 

A BQVAIUB solid pedestal of yellow-tinged glass is pieserred 
in the Htxseam of Eoonomio Geology, in Jermyn Street; 
it it rarmoanted by a email lion, carved by the engravmr’s 
mandril-tool, at the lathe, at great labour and cost. This woe 
tnobably mode from English gloss, re-fused in China with an 
inoreas^ quality of lead. Small coloured vases, figures, and 
almost every description of ornament sculptured in stone, have 
been imitabsd in opaque glass by the Chinese. Yet they 
neglect the manufacture of useful ancles of glass, and re-melt 
broken glass from Europe for such articles as they require, 
l^e Emperor has a royal glass manufacture in Pekin, though it 
is carried on as much for amusement as for utility. 

Glass engraving in its modem aooeptation — viz., roughed and 
polished in intaglio — was, probably, unknown to the Romans 
and their predecessors, l^e art of cutting glass in relief was, 
however, known to them at a very remote period ; for which 
purpose, as wo learn from Pliny, the diamond was used.* 

Hotures were formed by the ancients laying together fibres 
of glass of various colours, fitted to each other so exactly, that 
a section across the fibres represented the object to be parted; 
and was then oomentod by fusion into a homogeneous, solid 
mass. In some spooimons discovered in the middle of the last 
century the pieces had been so accurately united by intense 
heat, that not even by moans of k powerful magnifying glass 
could the junctures bo discovered. One small fragment, in the 
British Museum, exhibits an arabesque border of various 
colours, the outlines of which are well divided and sharp, and 
the colours pure and vivid; whilst a brilliant effect has been ob- 
tained in another piece tiiio artist employing in contrast opaque 
and transparent glasses. The pictures appear to be oontinuod 
throughout the whole thioknese of the speoimon, as the reverses 
correspond in the minutest points to the face ; so that were the 
glass to be cut transversely, the same arabesque border would 
bo found exhibited on every section. It is conjectured that 
this curious process was the first attempt of the anoients to 
preserve oolours by fusing them into the internal parts of the 
glass. In the British Museum are many of those interesting 
curiosities of glass mosaic work, some of perfectly white clear 
glass, in leaves or flowers, on a dark-green ground; most of 
^e pieoea are small, and the patterns very minute. There are 
also numbers of fragments of white enamel upon blue, and 
white upon amethyst grounds, well executed in relief ; pro- 
babfy the work of eminent Roman or Greek artists resident in 
Rome. 

In the British Museum there are a few largo cinerary urns of 
green glass, which are fine speoimens of the ancient art of glass- 
blowing. The round vases are of elegant form, with covers and 
two double handles, showing that the anrients were well ac- 
quainted with the art of making round glass vessels. The most 
celebrated ancient glass vase is that whioh was for more than 
two oenturies the principal ornament of the Barborini palace, 
and whioh is now known as the Portland vase. It was found 
about lfi60, in a saroophagus under the Monte del Grano, two 
miles and a half from ]^me, on the road to Frascati. It was 
deposited in the palaoe of the Barberini family until 1770, when 
it was purohaaod by Byres, the antiquaiy, and sold by him to 

^ * To Dr. 'Wollaston are we indebted for this explanation of hoxo the 
diamond otd« gltum. He osoertained that the parts of the glass to 
whioh the diamond is applied are forced asunder, os by a wedge, to a 
most minute distance without being removed, so that a euperfloial, 
ooutinuotts omok is made from one end of the intended out to the 
other. After this, any small foroe applied to one extremity ia auffloimit 
to extend thla onidk ihrongh all the whole aubatanoe, and aoroaa the 
glasa ; for sinoe the strain at each instant in the progress of the 
oraok is oonfined neariy to a matbematioal point at the bottom of the 
figure, the effort neesaMiy for oanying it through is proportionally 
amalt Dr. Wollastmi found by trial that the out caused by the 
mere paaaage of the diamond naed not penetrate eo mu<di as the two- 
hondiedth part of an Inoh. Bo found alao that other mineral bodies 
reoently ground into the same form, are also capable of cutting glaaa, 
but they oannot long retain that power, from want of the requisite 
hardness. 

Coke poesessM one of the remaricable properties of tiie diamond— 
that of ootting glaea ao dean and pevfeot as to exhibit the most bean- 
tlfnl pdamatio oolour, aooordingto the pariaotion of the incision. 


Sir William Hamilton, of whpm it was bought, for 1,800 gaiaeaSi 
by the Duchess of Portland, at the sale of whose property it 
was bought in by the family for ^1,029. The vase is 9} inches 
high and 7;^ inches in diameter, and has two handles. It is of 
glass : yet Breval considered it chalcedony ; Bartoli, sardonyx ; 
Count Tetzi, amethyst ; and De la Chansse, agate. It is orna- 
mented with white opaque figures upon a dark-blue semi-trans- 
parent ground ; the whole having been originally covered with 
white enamel, out of whioh the figures have b^ out, like a 
cameo. The glass foot is distinct, and is thought to have been 
oemented on after bones or ashes had been placed in the vase. 
The seven figures, each five inches high, are said by some to illus- 
trate the fable of Thaddeus and Theseus ; by Bartoli, Proserpine 
and Pluto ; by Winokelmann, the nuptials of Thetis and Peleus ; 
Darwin, an allegory of Life and Immortality ; others, Orpheus 
and Eurydice ; Fosbroke, a marriage, death, and second mar- 
riage ; Tetzi, the birth of Alexander Severus, whose cinerary 
um the vase is thought to be ; while Mr. Windus, F.S.A., in a 
work published 1845, considers the scene as a love-sick lady 
consulting Galen. The vase was engraved by Cipriani and Bar- 
tolozzi in 1786 : copies of it were executed by Wedgwood, and 
sold at fifty guineas each, the model for whioh cost no less 
than 500 guineas. 

The Portland vase, February 7, 1845, was wantonly dashed 
to pieces with a stone ; but the pieces being gathered up, the 
vase has been restored by Mr. Doubleday so beautifully, that a 
blemish can soareely be detected. A dnwing of the fractured 
pieces is preserved. 

This beautiful work of art affords wtisfaotory proof that the 
manufacture of glass was carried to a state of high perfection 
by the anoients. Sir Joseph Banks and Sir Joriiua Reynolds 
bore testimony to the admirable execution of Wedgwood’s copies 
of the vase, whioh were chased by a steel rifle after the bas- 
relief had been wholly or partially fbred. 

Yenioo, during a long period, excelled all Europe in the fine- 
ness of its glass. In the thirteenth century the prooesses of 
the Phoenicians seem to have been learnt by the Cirusoders, and 
transferred to Venice and the neighbouring island of Murano, 
whore they were long held secret, and formed a lucrative com- 
mercial monopoly. The old Venetian blown glass was light, 
bright, vitreous in appearance, stained with the richest possible 
oolours. Some of the particular secrets of this manufaoture 
have been handed down from father to son, and so carefully 
treasured up, that at this very day, quite as much as in the age 
of Marco Polo, Venice possesses the absolute monopoly of the 
art ; and lineal descendimts of the old Venetian glass manufac- 
turers still inhabit the island of Murano. 

The revival of the ancient art of glass-blowing is due to Dr. 
Salviati, whoso imitations of the old Venetian aoffiati and execu- 
tion of new designs are most sueoessful. The soffi,atii or blown 
glass, produced by Dr. Salviati, equal, and even surpass, the 
old in lightness, brillianoy, oolour, and design. The glass-blowers 
of Murano are now able to produoe nearly all the famous kinds 
of ware so peculiar to Venetian glass. 

First, and most oharaoteristic, of the Venetian varieties is the 
Latidnio or filigree glass, with ooloured threads, generally in 
opaque milk-white; henoe the name Latievnio, some speoi- 
meuB the threads form laoowork glass, or Vitro di Trino. The 
reticello is produced by a kind cd network, oonsisting of small 
babbles of air enolosed within the mass, and arranged in a regular 
series, crossing and interlaoing each other. The filigree glass 
is pn^uoed by using rods whioh contain threads of white or 
ooloured enamel in a body of clear glass. The millejvore oonsiriis 
of a mass of olear white orystal, inside of whioh and embodied 
in it are representations in ooloured glass of coral flowers, and 
is formed by laying together fibres of glass of various oolours. 
Winokelmann desoribes a similar art of ihe anoients. The riiorto, 
or twisted patterns, or many coloured glass rods, are fused 
together with olear glass. SehmeUe is a semi-opaque glass, of 
a ridhly variegated brown, green, or blue; and Avanturiney 
with metallic filings of levigated leaf gold suspended in it, is 
said to have had its origin in a workman having acoidentaUy let 
fall some brass filings into a oruoible of melted glass, whence 
both the process and the term. 

The celebrated frosted or ** otaolde '* glass of the Venetaans 
was long considered a lost art ; it is made by suddenly plunging 
the hoi glass into oold water, and in this manner fr^ures are 
prodooed of aocTitalliim ohariMtar. The glass is then re^heatod 
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ait tha fnniabe, and the heated boll is afterwazda expanded by 
blowinflr. AUhongh frosted glum appeals covered with fractures, 
it is pc^eotly sonotoos. 

The Vene&ms, besides disoovermg the art of rendering glass 
oolonrlesB by means of manganese, also enjoyed the monopoly 
of mirrors, the silvering of which was a secret long kept from 
other oonntries; but foreign competitors now prince larger 
plates. 

Venice still possesses the absolute monopoly of the art of 
bead-making; and great impetus has been given to the bead 
trade by the prevailing fashion of black beads, for which there 
is a great demand; as also for glass bugles, of which vast 
quantities are sold for the African and other foreign markets. 
Ibe manufacture is divided into common glass beads and enamel 
beads. The furnaces are built of fire-clay. The materials are 
vitrified in pots, the principal ingredients for glass beads being 
Nola sand, ^taxiia soda, natron, antimony, arsenic, manganese, 
minium, nitre, etc. The materi^ for enamel beads are almost 
every product of the mineral kingdom ; gold and silver being 
used in considerable quantities. The Venetians are still in 
possession of the best enamel processes — the inlaid or mar- 
quctorie mosaics produced by all the enamel pieces perfectly 
united, generally used for ear-rings, bracelets, etc. The Floren- 
tino mosaios are made up of stones ; the Boman of thin pieces 
of enamel ; and the monumental or Byzantine are most fitted 
for orchit^tural decorations. In England, fine specimens of 
modem Venetian mosaics may be seen at the South Kensington 
Museum, and St. Paul’s Cathedral, London. The vaulted roof 
of the Wolsey Chapel, at Windsor, represents the kings and 
queens of England in mosaic, and Dr. Salviati executed mosaios 
for the national memorial to the late Prince Consort in Hyde 
, Park. Enamels are much more permanent than any other sub- 
stance that has been used in the composition of mosaic, whether 
stone, marble, or clay, on account of their less porous and less 
dilatable body. 

Gold and silver enamels are now used with improved effect in 
monumental mosaics, in which the gold or silver is attached to 
the glass by the action of fire, and the three layers being fired 
together, form a homogeneous body, which serves to protect the 
metal for ever against all injury, either by atmospheric action, 
dust, gas, smoke, or insects, so as not to lose any of its bril- 
liancy or colour, oven after many centuries of exposure. 

' The manufacture of glass was probably introduced into 
France at the same date as into Germany. Both countries 
derived their knowledge of it from the Bomons ; or, probably, 
from their commercial intercourse with the East, improved by 
the Homans, and still further advanced in qualiiy and artistic 
ornamentation, adopted from the Venetians, ikter, France 
sought to increase the supply of her own demands. Her govem- 
m'ent early decreed that none but gentlemen should engage in 
any of its branches ; and late in the seventeenth century the 
French glass-blower might be seen laying aside his cocked hat, 
dress-coat, and sword, to prepare for his daily work. 
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, IRON. 

BOLLING — PUDDLED BAB — FINISHING — PBOPEBTIES OF IRON 
— GALVANISED IRON — EFFECT OF TIN AND COPPER — 
NATURAL AND ABTIFICIAL SALTS OF IRON — THEIR USES. 

The final steps in the manufacture of malleable iron consist in 
rolling, for which pnrposo there are required two series of rolls, 
the roughmg and the finishing. 

They oonrist of cylinders of hard iron working in pairs, the 
grooves in the upper oorresponding exactly with those of the 
lower, as shown in Fig. 17. The latter are turned by a orank 
connected with the sl^t a A, and the upper series necessarily 
revolve in the opposite direction at the same rate, being driven 
by the oog-whe^ b, b. The spaoe between the oylinders oan be 
subtly modified 1^ turning the screws co, which connect, 
through the heifers, with '^e upper rolls. The ** bloqn,** or 
hammered bidl, while yet hot, is held by a pair at tongSi tmd 
pressed by the tint workman against the largest groove in 
the rolls, which, m they reT<dve, draw it in between them, the 
Buxfaoe of the grooves being slightly roughed by scorings like 

thoSA oi a fila. an na iolrA lltim linlif M tba imn. It thna 


becomes elongated, and takes the fcrai of a rod. The seoond 
workman, on the other side of ^e rolls, lays hold of H, as it 
passes through,, with another pair of ton^, and hands it baok 
again, and so on until the iron has 'passed through the whole 
set of grooves, down to the smallest. When it hM gone under 
the flat rolls it takes the form of a flattened bar of iron, and is 
known by the name of paddled bar.’’ 

The processes of hammering and squeesing, described in the 
last article, and the subsequent rolling, have still farther im. 
proved the quality of the iron, though again at the egpenae ot 
quantity, ^e sample of iron which was described in detail in 
Chapter X., and contained at the end of the puddling 0*772 per 
cent, of carbon, and 0*168 per cent, of silicon, oontained, after 
rolling, only 0*296 per cent, of the former, and 0*120 per cent, 
of the latW. The hammer slag or mill aoale which comes off 
during these processes containB, however, a good deal of iron, 
and is of value in puddling, so t]^t the metal is not ultimately 
lost. It consists, indeed, entirely of the protoxide and seaqui- 
oxide, containing 70 to 75 per cent, of metallic iron. 

Puddled bar is still capable of improvement ; and for xoaking 
the beat descriptions of iron it is out up into short lengths 
by means of massive shears driven by steam, made up into 
piles or fagots, and then put into the re-heating furnace, after 
which it is again rolled. This operation is repeated as often 
as may be desired ; the more the iron is worked in this way 
the better being the fibre. The piles are sometimes made by 
laying the alternate pieces of iron crosswise, the intertwining 
of the fibre being supposed to be more complete when this is 
done. At other times an inferior quality of iron is put in the 
middle of the fagot, so that when rolled out again the exterior 
of the bar shall be of superior strength to the interior ; this is 
not unfrequently done as a matter of economy in the manufac- 
ture of railway bars, as the principal wear and tear is upon the 
head of the ri^, and there is no occasion to waste the best iron 
upon those parts which are sure to outlast the upper surface. 

The re-heating furnace is oonstruoted on the reverberatory 
principle, and is generally used as the fuel. The hearth 
upon which the fagots are laid is made of sand, and slopes 
down towards the flue, so that whatever iron passes into com- 
bination with the silicon shall at once flow down to the tap- 
hole. The air is excluded as far as possible, so as to prevent 
oxidation, and the iron is taken out immediately it has arrived 
at a welding heat. It is then in that sticky stage so peouliar 
to iron, whioh renders it so easy of manipulation, and on passing 
through the rollers the several pieces beeome perfectly united. 

The finishing rolls, whioh are now used, are quite smooth, 
and the grroorings in them are made to conform more and more 
to the size and form whioh the iron is ultimately to assume, 
until the last pair of grooves will turn it out of the precise 
I>attern required. In this way all the different forms and sizes 
of merohant iron — ^bar, rod, sheet, rails of various patterns, 
T and angle iron, eto. — are produced. The rate at whioh the 
rolls are driven varies very grreaidy aooording to the nature of 
the work in hand ; for ordbu^ purposes, sixiy to eighty revolu- 
tions per minute will be made, so that the iron has pMsed 
through the whole series of grrooves, and comes out fiiiiahed 
before it has hod time to cool. The oylinders themselves are 
supplied with a little stream of cold water, in order to prevent 
them from becoming overheated. 

As illustrations of what different kinds of work ore done by 
the rolling miUs, we may refer to slit rods,” which are used 
for naU-m^ng and suoh-like purposes. In the slitting mill a 
thin bar of iron is at once out into a number of very narrow 
slips, the cue roller having deep and nsrrow grooves very close 
together, and the other collars to correspond, made with sharp 
cutting edges. By way of contrast, let us now take the manu- 
facture of annour plates. They are sometimes made in ike 
forge, but at other works they are rolled out. Instead of a strip, 
a quarter of an inch or less in diameter, the rolls have now to 
turn out a plate of iron perhaps twrive inches thick and some 
aix feet wide, weighing many tons. Such plates have been 
turned out at the works of John Brown and Co. (limited), at 
Shei^ld, where the amour for many of our iron-riad floating 
lotteries has been made. The prooess employed ia e s ae ntially 
what has been already described, hut the difficulty of the opera- 
tion inmeases with the accumulation of mass, as it is diffi<^ty 
even with the most powerful madhinery, to bring s ufficient 
f oroA bsar to wsld ths oomnonent nieces nerfeothr toffethiR 
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The wwVmanehip is, however, so good, tiiat on the edges being 
planed there m no indioationB to the eye of any want erf 
coherenoe. 

The peonliar properly of iron called ** welding ’* has not, 
however, yet reoeiv^ all the ooneideration it deserves. It has 
been mentioned in the mannfaotore of the better qualities of 
finidied iron, and the making of aU large pieces of rolled iron is 
absolutely dependent upon it. Equally so is this the case in 
making l^ge forgings. $ome of the largest armour plates have 
been forged with the steam-hammer, one of thirteen tons weight 
made in this way having been on view at the International 
Exhibition of 1862. These are built up of separate pieces of 
iron raised in the fumaoe to a welding heat, and then ham- 
mered into one solid mass. l%is is an operation which cannot 
be accomplished with any other of the useful metals, and is 
principally due to the droumstanoe that iron (unlike all the 
rest), when heated, doM not pass suddenly into the molten 
state, but after becoming red hot, at which stage it commences 
to soften suiBcieutly to ^deld to the hammer, can be raised to a 
much higher temperature and almost to a white heat without 
melting. At this stage the presence of a little flnx will remove 
any oxide that would otherwise form on the surface of the iron ; 
and the metal itself being then in a pasty or sticky condition, 
the clean surfaces of any pieces coming in contact will readily 
adhere to one another, while by pressure or hammering they 
may be brought into absolute contact throughout their mast, 
forndng a single piece of solid iron. 

The shafts of marine engines and all other large pieces of 
machinery which have to 


acid and then washed, when it is said to be ** pickled, after 
which it is immersed in a bath of mdted sine to which some 
ammonia is added. On withdrawing the sheets of iron after a 
time from the bath, a thin layer of sine will be found adherent 
to the entire surface, which has so combined with the iron that 
it cannot be again removed. Iron wire topB for the rigging of 
ships, etc., chains, and other artides much exposed to the 
influences of the weather, are very often ooaind with sine in the 
same way. 

Both thi and copper seem to exercise an opposite effect. It 
will be familiar to most housewives how rapidly a tin plate will 
be covered with spots of rust wherever the coating <rf tin has 
been accidentally removed and the iron which forms the foun- 
dation becomes exposed to the air. The efBect erf coppw upon 
iron, especially in the presence of sea-water, is so nuuiii^ 
copper sheathing cannot be applied to an inm vessel, and even 
in the highest ohuBsed wooden ships iron bolts are not allowed 
to be used b^ow the level of the coppering. Iron vessels, 
which are now becoming such great fhvourites (especially in the 
steam trade), have, therefore, to be coated with some paint or 
varnish; but as yet no compound has been hit upon which 
satisfacterily fulfils all the purposes desired. 

It seems Wdly right to leave the subject of iron, which has 
now been traced from its ores through all its varied stages 
up to the manufactured article, without referring to sun^ 
I varnish ; and it has been difficult to find a compound which 
I satisfactorily fulfils all the purposes desired. 

' Sulphide of iron is a very common mineral, frequently called 

iron pyrites, which is prin« 


bear much strain,, must bo 
forged, not oast. That of the 
weighed some- 
thing more than thirty-one 
tons, made up of bars welded 
together under the steam- 
hammer. Oast iron, in cool- 
ing, takes an irregular crys- 
talline form, and the parts 
do not cohere with any great 
tenacity, so that all the pro- 
ducts erf the foundry are oom- 
I)aratively brittle. The finish- 
ing processes impart fibre to 
the^Q,by whiohits strength 
is very greatly increased. 



Fig. 17. 


oipally wrought for the 
sake of the snlphur and not 
the iron ; and as to which 
it will therefore be sufficient 
to refer the reader to the 
article onjthe manufacture 
cf sulphuric acid {** Che- 
mistry applied to the Arts,*' 
No. XI.). 

The red and brown hiema- 
tites (the anhydrous and the 
hydrated sesquioxides cf 
iron) have been incidentally 
mentioned as furnishing 
rouge and ochre respec- 
tively. The latter is 


The diffSerenoe in the stmoturo of the iron is very different when article of some commercial importance. Chrome iron ore is 
broken, the one breaking off short and presenting a granular also principally valuable as the source of chromic acid, which 


appearance, while the other is more or less drawn out into 
threads, ^ia is one of the best tests that can be applied, and 
it is therefore constantly adopted. If the iron is <rf the very 
finest quality, a thick round bar of it may be tied into a knot 
when cold without breaking, whereas an inferior iron is certain to 
give way. Hammering iron when cold is believed to have the 
opposite effect, and sudden breaking of iron after having 
bera subjected to a jarring or vibratory action for a long time, 
is oc^idorod by some to bo due to a molecular change in the 
partiolea of the iron. The brittleness of iron during extreme 
cold weaker is probably to be attributed rather to the unequal 
contraction of the parts most exposed. 

Iron suffers under one disadvantage more than almost any 
other metal-— viz., the tendency to rust. Whenever exposed to 
the influence of a moist atmosphere, an oxidation of the surface 
is sure to take place, and the iron commences to be eaten away. 
When once this action has set in it is difficult to arrest its pro- 
gress altogether, and therefore, wherever possible, the ironwork 
should be mted with x>aint, or some other article impervious to 
the air, without delay. \]^o8e portions of machinery which 
must necessarily bo kept bright are best protected by being 
carefully smeared with grease. Professor Barff found that 
rust could be prevented by exposing iron to the action of dry 
steam at a high t^perature, which caused a thin impervious 
film of the magnetic osude to be formed over its surface. 

It has been found, however, that zinc has the property <rf 
retarding the oiidation of iron, and ihis h«M led to a very 
extensive manufacture of what is called ** galvanised iron,'* 
which has recently been lorgsily emifioyed lor roofing purposes. 
The iron is rolled out into thin riieets, and the surface is 
tihocoughly cleaned by being exposed to the aotton of a weak 


enters largely into the composition of yellow paints and dyes. 
There are also various ores of iron of which the other ingre- 
dients form the most important feature, and which will have to 
be referred to wh^ treating of the respective metals. 

The artificial compounds of iron are of considerable .import- 
ance in the arts. There is the sulphate, more generally known 
under the name of copperas or green vi^ol, which is made by 
dissolving iron filings in dilute sulphuric acid, and then evapo- 
rating the solution down until the salt (nystallises out ; or as a 
bye-product in the manufacture of alum, which is the ordinary 
commercial article. It is largely used in dyeing black and in 
making black ink, that colour b^g product by the action of 
this salt upon any article containing tannic or gf^o acid. 

Iron also enters into the composHion of Pm^ian blue (ferro- 
oyanide of iron), and into the yellow and red prussiaies of 
potash, all of which are lorgelyused by dyers. Acetate of iron 
is also employed for producing a deep black colour with 
madder. It is prepared by dissolving cii^ pieces of iron in 
warm acetic acid. 

The use of iron in medicine is also fully recognised. Various 
artificial combinations of it are in constant use in pharmacy, 
some two dozen different preparations of this metal appearing 
in the Pharmacopoeia ; besides which, it is drunk laig^ in 
mineral waters, aiU the ohalybeated and many d the other cele- 
brated springs of Great Britain and the Continent containing 
notable quantities of the salts of iron. 

We have reserved for the nest article all reference to a very 
important modification of iron, steel being a subjecTb of suffirient 
maiputttde to be treated separately, and which has chasaoter- 
istios of its own which will come out more clearly by being 
oonBldered as a distinct itd>Jeoi 
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IIACHINJIST tX9®D IN THB SBINNI^G qV COTTON. 


ont. The worlnnan pnte m ^e loiOi cotton at one end, and 
alter ^behig expoaed to a winnowing notion in the maohine it io 
daUvered in a clean state. 

The yaztons operations necessary lor denning and opening 
the cotton naying been aooomplished, the ne^ stage is the yery 
important .process of carding. The dfares of the cotton as they 


It will be onr duty in the jnesent lesson to indicate as folly as leare the blowing machine are bent and oonroilnte^ and lying 
onr limits will admit the principles of the different maohines in all direotiona ; the operation of carding oonaiats in placing 


which are used in the 
cotton manofaotore. 
We must trace the 
history of the fibre 
from its first separa- 
tion from the seed 
whioh it inyests to its 
final oonyersion into 
yam. We cannot pro- 
fess to do more than 
point ont and explain 
the principles upon 
whioh the . different 
classes of machines 
act. Whole treatises 
are extant npon the 
different branches of 
the manufacture, to 
which those must be 
referred who desire to 
follow the subject into 
details. In lire’s “Dic- 
tionary of Arts, Manu- 
factures, and Mines” 
will bo found a very 
copious and yaluable 
article on the subject 
of the cotton manu- 
facture, of which we 
would recommend the 
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perusal to those who wish to study the enbjeot more fully. 

The cotton-fibre, as it is gathered from the plants whioh pro-' 
duoe it, is firmly attached to the seeds. The first opon^n 
'consists in detaching the fibre from the seeds by the prooess of 
“ginning,” as it is called. The most improred 
machine for this purpose is ono whioh simulatea as 
far as possible the action of the finger and thumb, 
which would be naturally employed in detaching the 
cotton from the sood. The ordinary forms of gin 
are of a simpler construotion: one of those most 
usually employed is termed the “ saw-gin. ’ ’ A oiroular 
saw, furnished with teeth of peculi^ oonstruotion, 
works through a slit in a table ; upon the table the 
cotton to be ginned is placed; the fibres of the 
cotton are severed by the teeth and drawn through 
the slit, leaving the seed behind whioh is too large 
to pass through the slit. A number of these saws 
are attached together upon a roller, the slits forming 
a sort of grating, upon whioh the cotton is supplied. 

In proximiiy with the saw is a oylindrioal brush, 
whioh revoMng against the saw-teeth detaches from 
them the fibres of cotton whioh have 
beexi operated upon. The fibres of cotton 
are somewhat ininred by the action of 
the saw-gin, henoe the more improved 
maohines whioh have been referred to 
have bew introduced. 

After the cotton has been detached 
from the seed it Is packed in bales, the necessary compression 
being generally produced with the aid of an hydranlio press. 
In this state it is delivered to the manufacturer. 

In the hands of the manufacturer the first operation to whioh 
the cotton is subjected is that of cleansing. The machine whioh 
is used few this purpose is caHed a “willow” (Fig. 1). The 
v^ow, consists of a hollow cylinder fitted with spikes internally. 

cotton placed in this cylinder is shaken about, and much of 
^0 ^ falls out through agrating at the bottom of the cylinder, 
piibis process Also many of the larger flocks are opened and 
ioosmd, so thst the, subsequent opostions are faofl&ated. A 
maobiaetisedin4^.claai4iig .Qf..cofct^ shewn in the shove 


them uhifomly side by 
side. 

The aoiioii of a pair 
of cards can be under- 
stood from the accom- 
panying diagram. A* 3 
(Fig. 2) are portions of 
a pair of c^a. The 
wires are bent in the 
way shown in the 
figure. Let us now 
suppose a flock of 
cotton to be plaoed 
between the two cards, 
and let the cards be 
moved in the directions 
shown by tho arrows. 
The teeth of the oards 
will regularly comb out 
the cotton, each tooth 
will take upon it one 
or more loops of the 
fibres, and make the 
two ends of the fibre 
whioh form the loop 
lie parallel to the direc- 
tion of motion. As the 
prooess proceeds the 
tendency will bo for 
one aide of the loop to 
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be drawn over io tho other, and thus the fibres will be plaoed 
in parallel lines. 

The oards are generally mounted on a large cylinder, against 
a part of the oirouWerenoe of which the opposing oards are held. 

After the process of carding has been complete, 
the ootton is in a fleecy layer, and the operation of 
drawing and doubling is nopessary, in order to prepare 
for spinning. This operation places the fibres more 
strictly parallel than they have boon left by the 
carding, and consolidates the fleecy mass. As ^e 
operation of drawing introduces a fundamental prin- 
oiple in the whole ootton manufacture, we shall enter 
into some detail on the subjeot. We shall first quote 
on account of the machine which is given in lire, 
and then wo shall describe the theory of tho action 
with the aid of mathematical symbols. 

“ Lot a and h (Fig. 3) represent the section of two 
rollers lying over each other, which touch with a 
regulated pressure, and turn in contact npon their 
axes in the direction shown by the arrows. These 
rollers will lay hold of the fleecy riband presented to 
them at a, draw it between them, and 
deliver it quite unchanged. The length 
of the piece passed through in a ^ven 
time wiU be equal to the space whioh a 
point on the oircumferenoe of the roller 
would have .described in the same time ; 
that is, equal to the periphery or droum- 
ferenoe of one of the roUers multiplied by its entire number 
of revolutions. 

“The reader will readily understand that the same thing holds 
with reference to the trSnsmisaion of the riband through a 
second pair of rollers c, d, and a Ihird e, /. Thus the riband 
issues from the third pair of rollers exactly the same as it 
entered at a, provided the surface speed of all the rollers be 
the same; but if the aurfMe speed of a and & be less than 
that of c and d, the oonsequenoe can be nothing else in these 
ciroumstanoea than a re^plated drawing or elongation of the 
riband in the interval betwixt a h and c d, and a condensation 
of the filaments as they glide over each other to assume a 
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vtmiffbt panllel direotion. In Hke ninntiT the diftwing maj be 
repeated hy ghing the rellen e,/a greater snr&oe ep^ than 
that of the rollers c, d. This increase of velooity may be pro- 
dnoed either by enlarging the diameter or by increasing the 
fuuttber of toms in the same time, or finally by both methods 
oonjoined. In general the drawing machine is so adjosted, that 
the chiOf elongation takes place between the second and third 
ot rollers, while that between the first and second is bat 
slight and preparatory. It* is obvioos besides that the speed 
xk the middle pair of roUeri can haye no influence upon the 
amount of extension, proyided the speed of the first and third 
pair remains unchanged. The rollers a, 6, c, d maintain 
towards each other continually Ihe same position, but they may 
be remoyed with their framework more or less from the third 
pair e, /, according as the lengih of the cotton staple may 
require. The distance of the middle point from h and 4, or its 
Ime of contact with the upper roller, is, once for all, so mdculated 
that it shall exceed the length of the cotton filaments, and 
thereby that these filaments are 
neyer in danger of being tom 
Sksnnder by the second pulling 
irhile the first holds them fast. 

Between d and /, where the 
greatest extension takes place, 
the distance must be as small as 
it can be without risk of tearing 
them in that way, for thus will 
the uniformity of the drawing 
be promoted. If the distance 
between d and / be yery great, a 
riband passing through will 
become thinner or perhaps break 
in the middle, whence wo see 
that the drawing is more equable 
the shorter is the portion sub- 
mitted to extension at the time, 
and the nearer the rollers are 
to each other, supposing them 
always distant enough not to tear 
the staple. The under rollers 
b, d, f are made of iron, and to 
enable them to lay firmer hold 
of the filaments, their surfaces 
are fluted with triangular chan- 
nels parallel to the axis. The 
upper rollers a, c, s are also made 
of iron, but they are smooth and 
tmyered with a doable coating, 
yrhioh giyes them a certain 
degree softness and elasticity : 
a coat of flannel is first applied 
by sewing or glueing the ends, 
and then a coat of leather in the 
same way. The junction edges 
of the leather are out slanting. 


We shall now proceed to e x pre ss In terms of these quantfries 
the length which one foot of the riband of adhering cotton 
filaments attains after haring passed through drawii^-frama. 

In t^ space of one minute the second pair of rollers hare 
deliyered a length of riband represented by 


and therefore it is clear that the length of riband 


which was deliyered by the first pair of rollers has been 
Imgthened in passing through the second pair by the amount 


therefore the proportion of elongation to the original length is 
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Hence the foot of riband de- 
livered to the first pair of rollers 
becomes after passing the seoond 

+ — ^ 

after passing the third pair of 
rollers thin length becomes 
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ym 


Thus, as we have already pointed 
out, the ultimate length is com- 
pletely independent both of the 
size and rate of revolution of 
the middle pair of rollers. 

To take an example, we shall 
suppose s, y, and z to be in 
the proportions of the numbers 
4:4:5, and 2, m, n to be in the 
proportions of 4 : 7 : 16. 

Then we have — 


16 
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Thus each foot of the cotton 
“sliver,” as it is called, is drawn 
out to a length of 5 feet. If 
the process of doubling and 
draw^g be repeated five times, 
the total elongation of one foot 
of original sliver will be 
5x>5x5x5x53a: 8125. 


so that when joined by the glue (made of isinglass dissolved in ; The attennation which wonld be produced by this drawing 


ale) the surface of the roller may be smoothly cylindrical. The 
top rollers are sometimes called the prossers, beoanse they press 
by means of weights upon the under ones. A bar of bard wood, 
wrhose under surface is covered with fiannel, rests with merely 
its own weight upon the top rollers, and strips off all the loose 
flanging filaments.” 

Were the draring of a riband continued till all its fibres 
attained the reqnirad degree of pandleHsm, it wonld be apt from 
excessive attenuation to tear across. The dilemma is got rid of 
in a very simple way — ^namely, by laying several ribands to- 
gether at every repetition of the process, and inoorporaring 
tlxem by the pressure of the rollers. The practice is called 
** doubling.” Ibe drawing machine is shown in Fig. 4. 

Let 0 , y, s be the diameters in inches of the three rollers 
which are ^ven by the shafting of the mill ; the other rollers 
of the drawing machine are moved by being in contact with 
s, y, s. Let these rollers make 2, m, n revolutions per minute 
xespeotively { then sinoo the droumferenoes of the r^ers are 
fa. 82„ 22. 

T'* T** 

the snmber of Snbhec eadi drcumfeienoe moves over in one 
minute it 


is counteracted by the process of doubling, as already ex- 
plained. 

The next process in the mannfaotare is the first stage of 
spinning proper, which is accomplished by means of what is 
Iraown as the “ bobbin and fly^frame.” We cannot do more than 
indicate the principles upon which this machine acts, as its 
mechanical details are of very great complexity. The drawing 
machines have already attenuated the sliver to such an extent 
that any farther elongation wonld make it fall asnnder. What 
holds the sliver together is the coherence between the parallel 
fibres dne to the microscopic hooks with which cotton is fur- 
nii^ed. Now if we can b^g the fibres into more intimate 
contact with each other, those minnte hooks will have more 
points of attachment to avail ihemselvee of, and the sliver will 
have increased tenadty : to give the increased proximify, the 
sliver receives a twist. The effbot of tMs can be readily under- 
stood from the homely process of wringing wet clothes. The 
effect of the twist in wringing the clothes is to bring the fibres 
of the cloth into snoh dose contact, that the interstioes in 
which the water larked become obliterated, and therefore the 
water is expelled. Fredsely similar is the action of the twist 
in spinning. When the film are in the untwisted slifer, they 
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hasTt Imt few pointi of iatimate oohtaot with their neighbonxe, 
aad ooneeqiieiitij the teaaoity is small. The twist i mmedi ately 
brings t he « into intimate oontaot, and the tenadly is oonse- 
quently inoreased to a surprising extent. 

This pzinoiple is utilised in the fidlowing way. The bobbin 
and fly-frame is essentially a machine wfich first draws the 
uliTer l^e the drawing-frame, only to a greater tenmty, and 
then on the emergence of the sliver from 
the rollers gives it a tom or twist sufficient 
to make it hold together firmly. The 
twist should not at this stage be greater 
than that necessary to impart the ^uisite 
» tenacity ; a greater amount would interfere 
with tiie subsequent processes. The con- 
trivance by which the twist is given is 
very ingenious. It will be sufficiently 
understood from the accompanying figure. 
A D (Fig. 5) is a vertical spindle receiving 
motion from the pulley K. At the top of 
the spindle are the two arms o and D; 
one of them is hollow, and receives the 
sliver from the drawing rollers through 
the orifice o ; the sliver passes down 
through D, and is wound upon the bobbin 
B. The bobbin receives motion from the 
pulley H, quite independently of the motion 
of the spindle. 

If the spindle and the bobbin revolved 
with the same velocity the roving would 
receive a twist, but it would not be wound 
° upon the bobbin. If, however, the bobbin 

Fig. 5. *** greater velocity than the 

spindle, then the roving will, besides 
receiving a twist, be wound upon the bobbin at a rate due to 
the difference. The bobbin must, however, receive a motion up 
and down the spindle in order that the roving shall be wound 
uniformly along the whole length. Another point has also to be 
attended to in designing the mechanical arrangements for the 
motion of the bobbin. As the bobbin gets filled, the successive 
ooils of roving have a larger diameter. If, therefore, the bobbin 
oontinued to rotate uniformly the roving would be stretched or 
-tom when the bobbin had received one or two ooils : its velocity 
must, therefore, receive a diminution at the completion of each 
layer on the bobbin. 

TECHNICAL DRAWING.— XLIV. 

DEAWING FOE MASONS. 

It has frequently been the case that when in course of oonver- 
aation with an artisan I have urged on him the necessity of 
acquiring a knowledge of drawing as a means of procuring him 
advancement in his calling, and as being sure to render him a 
more highly skilled workman than he oo^d ever hope to become 
without it, I have been met by the objection that he ** had no 
gift for such work, and could never expect to make any hand 
•of it.** His meaning was that he had no natural talent for 
•drawing, and could never hope to excel as a draughtsman. 

I have no doubt that such a notion as this deters many a 
man from endeavouring to reap benefit from our lessons in 
Technical Drawing. It is, however, a. mistaken one, and one 
which I trust a word in season will remove from the mind of 
Any carpenter, mason, blacksmith, or any one engaged in the 
•constmotive arts who may be hesitating on this account, and 
set him to work at once without further delay. That a natural 
-taste and talent for drawing are necessary to any one who 
desires to acMeve fame in the higher walks of art is indis- 
putable ; but as far as elementary drawing needful to help a 
man in ^ pursuit of his calling is concerned, it may be learnt 
«s readily as writing. I must now turn to the mah subject, 
and commence the present lesson with a few words on 

PBOJXCTZOK. 

Sections of OyUndere . — ^Let us now revert to the subject of 
sections, the importance of which has already been pointed out. 

In this lesson the method of obtaining various sections of a 
cylinder is given. The subject of the projection of cyUnders 
and their sections has been troated of generally in the lessdns 


in ** Projection,'* and it is proposed to extend that instraotion 
in the present lesson. 

Let Fig. 405 be the plan of the cylinder, and Fig. 406 the 
side elevation when plao^ on an incli^ plane. 

To draw this elevation, it must be understood that it is the 
side view of the cylinder, via., that which wonld be obtained 
by looking at it in the direction of the arrow shown in Fig. 405 ; 
the line A B projected from the diameter will then represent 
^e width of the cylinder, the centre being represented by the 
point 0. 

Having drawn at a (Fig. 406) a line at an angle to the inter- 
secting line corresponding with that of the inclined plane, set 



off on it a, c, 5, draw lines at right angles to a, c, 6, and 
terminate ^ese at the required height by a line a* b\ which 
will complete the general elevation of the cylinder. This would 
not, however, be ancient for the projection of a front view of 
the cylinder; it is therefore necessary to find mote points 
through which the curves may be drawn. 

Therefoib, divide the plan (Fig. 405) into any number of equal 
parts, and project these points upon the line A B, vis., d, b, f, 
o. It must, however, be borne in mind that these lett^, as 
well as 0, represent two points each : for example, B represents 
b' and B the point beyond; that is, the point l^g immediately 
behind B*, and therefore hidden by it. Set off these points oil 
a h (Fig. 406) — vis., d, s, /, g — and draw lines from them at 
right angles to. a 6, the &e o & being the prqjectioii of the 
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Koff isom the TBirioiui poiiits in the plAn draw perpendionlan, poDjeotion (Fig. 407), and thne the point h in the loraier le 
and from those corresponding with them in Fig. 406 draw hod- represented by the point hf in the lat&r. 
zontals, wHdi, intersecting, will giTe the points throngh which Again, draw perpendionlars from the two points in tbe plan 
the ellipses fonning the projection of the two ends of the which are represented by the letter d, end draw horisontel lines 
cylinder are to be drawn : them beii^ joined by perpendicnlar &om the point in the eleration where the section-line oats the 
imes will complete the front yiew (Fig. 407). line d-— Tiz., d'— which, intersecting the perpendionlars, will giv^ 


a 



We now proceed to project a section of this cylinder taken | the points d" d'"; in the same manner e" e% and any nnmb» 
on the given line that is to say, assuming that the cylinder of points, mav be obtained: the curve c" s'' d" hf d"* s'" 
iu placed^ on an inoHned plane, w]^t would be the exact shape joined by c'"' c , will then be the true section required, 
of a section taken vertioaJly, ^e cutting plane entering at c* Fig. 408 shows the true section on the line a V — ^viz., that- 
and proceeding directly downwards to hf oaus^ by a plane passing from the one extremity V of the 

Ffow it has already been said that the points in the elevation diameter of the top to the opposite extremity of the diameter 
0, d, e, /, and each represent two points ; & is then the pro- a, of the bottom, the cylinder b^g so placed that this section 
jeotion of the^ diameter which is at right angles to the vertical is a vertical one. Hiis is to be project in precisely the same* 
plane, and which in Fig. 407 is seen at c^. The point d in manner as the last, and not therefore require aoy further' 
the elevation (Fig. 406) is represented by the line d"* in the comment. 
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FBBI*HAin[> DBlWXNa (eon^MUM^). 

HaTix^^ alreftdy ft tsedea of lessons in linear dxasdng hy 
4 dd,of iniirtuneniB, we now revert to the praotioe of free«hand 
drawing, in order thftt the various hran^es of art may be 
cultivated in due course. 

Jn oommenoing to copy the example (Fig. 409) which forms 
the subject of the next study, draw the central perpendicular 
a h, and the three lines ed^eff and gh a,t right angles to it. 

Kext draw the curve c i, and the corresponding curve on the 
right side. 

Then draw the curve e j, and that oommenoing at / to 


little spaoe may be found for the required number of inden- 
totiouB. When the entire sketch has becm completed, it is to 
be partially erased and lined ku” 

The nert subject for our study k a niche, standing in ft 
pedestal, and surmounted by a pediment. 

A niche in architecture is a cavity or hollow place in the 
thickness of a wall, in which may be plsoed a figure, a bust, a 
fountain, etc. 

In oommenoing this example, draw the general outline of the 
plan (Fig. 410), and project from it the pedestal (Fig. 411) and 
body of the whole structure, oanlying up the central per* 
pendioular ab. Now at any convenient 'distance draw oi> 




Fig. 418. 




m 


balance it ; this is to be followed by g k, and the opposite 
curve at h. 

Now sketch the oentral leaf at a, drawing first the left and 
then the right side. No notice is at this stage to be tahen of 
the indentations in the edges of the leaf, the whole of which 
is to be idEetched in dotted or very fine lines, as shown at I, m 
and n, 0 in the example. 

In the same manner sketch the general outline of the leaves 
It m, n, 0, Pt qt and r s. It will be seen that the leaf n overlaps 
o in the mid^e ; the undemeatii portion of o, which is covered 
by n, should, however, be carefully sketched, as by continuing 
it the upper portion of the loaf o is drawn* 

The whole design having thus been outlined and corrected, 
the indentations of the l^ves are to be drawn. The exact 
places for the potuts shonld be marked before oommenoing to 
>dxaw them, otherwise it is likely that either too much or too 


parallel to A b, carry out the lines parallel to. the front of the 
niche to c D (f^g. 412), and from c, as a centre, describe the 
quadrants DF and B a, and at E erect a perpendionlar. Draw 
a horizontal line in continuation of the top of the pedestal, 
meeting a perpendicular drawn from F in H. This will give the 
extreme depth of the pedestal. 

Now between f and H construct the exact sections of the 
mouldings of the pedestal, and having drawn from these per- 
pendiculars as far as the line B F, draw quadrants from these 
points, using c as the centre ; these quadrants meeting o D will 
give the points from which horizontal lines are to be drawn, 
which will be the plans of the mouldings, parallel to the back 
of the object; these meeting lines, drawn at the angles at 45*^, 
will give the points at which the mouldings at right angles to 
the ffont are to be drawn. 

From the points of intersection at these ** mitres perpen 
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dionUrs are to be drawn, meeting boriiontals drawn from the 
oorreaponding points between r and B, and thne the mooldinge 
of the i>6dec^ in Fig. 411 will be projected. 

The horisontal section on the line u is now to be added in 
the plan, and the elevation of the niche projected from it. 

It is now advisable to draw the tme section of the pediment, 
in order that the elevation may be projected from it. The 
forms of the various members, and also the upper part of the 
niche, will be understood from the example, and when these 
have been completed, tiieir heights are to be projected on to 
the central perpendicular ab, and through the points the 
horizontal and raking mouldings of the pediment are to be 
drawn. The upper surface of the pediment may then be 
carried down to the plan, as shown by the dotted lines. 

The same method is to be followed in projecting the side 
elevation (Fig. 413) from the plan and front elevation. 


ELECTRICAL ENGINEERING.— XXVI. 

BT XDWABD A. O'XEXFFB, B.B., A.8.T.E., 

Demonstrator in Bleotrioal Engineering, City and Guilds of London 
Teohnioal College, Finsbury. 

ACCUMULATOES-CHAEGING. 

Week a number of accumulators has been received from the 
manufacturers, no time should be lost laefore setting them up 
in series and storting charging. The strength of acid to bo used 
depends upon the condition of the plates as already described : 
the more completely they have already been charged the stronger 
must be the acid. The strength of current to be used depends 
upon the number of plates in each cell, and their size. A good 
rule is to allow 2*5 amperes for every square foot of surface on 
the brown plates, both sides of the plates being token into 
account as active surface. The x.m.f. of each accumulator 
may be token as 2 volts, but during the operation of charging 
it rises as high as 2*3, and sometimes even higher, when the ac- 
cumulator is nearly fully charged : the consequence is that the 
dynamo charging them has not only to drive a current through 
the resistance of the circuit, but has also to overcome the back 
E.H.y. of the accumulators — this back e.b.f. being equal to the 
number of accumulators in series multiplied by about 2^. In 
order then to keep the charging current constant, means must be 
provided for regulating the x.m.f. of the dynamo. When charging 
is first started the e.m.f. of the accumulators is at its lowest, 
and care must be taken that the current sent through them is 
not too strong ; as charging proceeds, the x.m.f. of the accumu- 
lators rises, and when charging is nearly completed it rises 
somewhat abruptly. During this process a change was also 
going on in the acid ; at starting its density was at its lowest, 
and as the charging proceeded it steadily rose. The resistance 
of a solution of sulphuric acid depends upon its density, and 
within the limits used in an accumulator, the resistance is in- 
versely proportional to the density (approximately). Had the 
resistance in the circuit remained constant, the e.m.f. of the 
dynamo should have been made to vary with that of the accu- 
mulators in order to keep the current the same, but as the 
resistonce of accumnlators falls as their e.m.f. rises, these two 
effects almost neutralise each other during the intermediate 
portion of the charging. The only times, therefore, when it 
is necessary to make any serious adjustments at the dynamo, 
are near the beginning and near the end of charging. If the 
accumulators have been nearly exhausted the current must be 
carefully watched during the earlier portion of the charging 
operatkm. 

When charging is almost completed, babbles of gas will be 
given off from the plates and rise through the liquid, giving it 
a milky appearance, and if the operation be continued these 
bubbles will be given off freely. When this state of affairs 
has been arrive4 at, the accumulator is said to boil. It does 
not necessarily mean that the accumulator has become heated ; 
it is due to the fact that all, or nearly all, the active material 
on the surface of the brown plates has been converted into per- 
oxide of lead, and the evolved oxygen having nothing further to 
unite with is given off as gas ; while all the surface of the grey 
plates has been reduced to spongy lead, and hydrogen is in a 
similar manner given off as gas. If charging be now stopped 
and the accumulators allowed to rest for a short time, it will 
be found that on again storting the current a farther charge 


can be got into the accumulator before it again begins to boil. 
When this boiling is going on freely, a fine spray la seen to rise 
from each accumulator, and any brass connections near are 
quickly attacked and eaten away j the cell idso loses a portion 
of its liquid. The curved glass over each accumulator partially 
remedies these evils by condensing most of the spray and 
returning it to the cell in drops. 

During charging the density of the acid is almost directly 
proportional to the amount of chemical action that has taken 
plaM on the plates, and a knowledge of the density at any 
rime is therefore a certain index of the charge in the cell. 

The chemical change in the constituents of the cell may be 
expressed by the following equation : — 

When the cell is disch^ed the arrangements of its mator 
rials, commencing at the brown plate, may be represented as — 

PbSO. + 2(HaO) + H3SO4 -f- PbO 

Bulphats ofUad Water Bulphwio acid Lead monoxidsm 

And after charging as — 

PbOa -f 2(HaS04) + HsO + Pb 

Peroxide of lead Bulphurio aoid Water Sfpongy ImiiL 

This change may be expressed in words by saying that 
peroxide of lead has token the place of sulphate df lead on the 
brown plate, one molecule of sulphuric acid has been added to 
the solution — which is the explanation of its increase in den- 
sity— and spongy lead has token the place of lead monoxide on 
the grey plate. The changes take place in several stages, but 
the above equation gives the ultimate result of the reaction. 
Only a portion of the sulphate is ever converted into peroxide 
of load, and it is owing to the presence of this unconverted 
sulphate that the process of stopping the charging current 
when boiling begins, and again starting it, can get a greater 
charge into the accumulator. It amounts to the fact that some 
unconverted sulphate is exposed dnring the period of rest, 
which is acted upon and turned into peroxide of lead on again 
starting charging. 

If the current is too strong the oxygen is liberated faster 
tlian it can combine with the sulphate, and is given off aa 
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gas. If the current is very weak no peroxide is formed, and 
consequently no energy is stored, however long the charging 
may he continued. 'V^en the sulphate on the brown plate 
has been converted into peroxide of lend, the accumulator is 
fully charged and begins to boil. Its X.M.F. now rises con- 
siderably, owing to the formation of a small quantity of free 
oxygen in the form of ozone on the surface of the brown plate, 
and a little free hydrogen on the grey plate. These gases 
give the accumulator a high X.M.F. at the beginning of dis- 
charge, which quickly falls to about 2 or 2*1 volts, and remains 
stationary at t^t point till it has lost most of its charge, when 
it abruptly falls ; an accumulator should never be discharged 
beyond the point where its x.m.f. begins to fall fast. 

A very convenient little voltmeter for testing the oonditiou 
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of a tingle aconmiilator it that made hy the F.P.S. Company, 
and iUnetmted ia Fig, 61. It readt from 1 to 2*5 Tolta, td^ 
^owt l^e direotion in whioh the onrrent is patting. A wooden 
rod, aomewhat longer than an aoonmnlaUnr, hiw two rongh, 
oormgated brata tnbet fattened one on eac^ end. Each of 
tbete tnbet it fattened by a piece of ileadUe wire to the Tolt* 
meter, at ahown in Fig. 61. hi order to make a teat, the rod 
it taken and placed to that the Inga of the brown plates are in 
contact wiUi one piece of tnbe, and those of the grey plates 
with the other ; if good contact la not made at once, a alight 
tawing motion of the rod on the Inga will be anlBoient to insure 
it* l^e S.M.F. of each aecnmnlator of a aet can be thus 
quickly and accurately tested ; and if any one ia found to be 
below 1*6 Tolt, something haa gone wrong whioh requires 
immediate attention. 

Every acoumnlator in a aet ought to begin to boil about the 
same time if they are in good condition. If one begins to boil 
before ita time, ita capacity haa through aome oauae become 
reduced ; while, on the other hand, if any one ahowa no ten- 
dency to boil, it ia probably short-oironited. The capacity 
an accumulator beoomea reduced by the formation of an inao- 
luble sulphate on the. brown plate, whioh if not attended to in 
time will probably result in ita deatruction. 

The sulphating may be cauaed by charging with too strong a 
current, by having the acid too strong, by discharging below 
the point where the x.v.y. falls rapidly, or by leaving it un- 
charged for a length of time. 

The short-circuiting may be caused by the buckling of 
brown plate till it touches the grey, by a piece of paste getting 
loose and falling between the plates, by some piece of con- 
ducting substance falling into the cell and connecting the 
plates, or by want of proper insulation whioh discharges the 
accumulator by leakage. 

The short-circuiting may be the consequence of sulphating 
of the plates, and short-droniting itself invariably causes 
sulphating. If a cell is found to be suffering from one of these 
defects it should at once be cut out of the circuit and the edl 
remedied ; any delay injures the accumulator and may result in 
its destruction. When the evil has been remedied, it should 
be replaced in the circuit during charging, and out out while 
the others are being discharged. It should not be discharged 
till found to boil at the same time as the others. 


PRINCIPLES OP DESIGN.— XXL 

BY CHBISTOPl^BB DBBB8XB, PH.D., F.L.8., BTC. 

HANGINGS, Etc. (6ontvnu«d). 

As we were speaking of damask table-linen in our last chapter, 
it is perhaps well that we notice one peculiarity of a table-cover, 
which is 1^, that while the central portion is seen flat, the 
border portion is viewed in folds ; and here we come to one of 
the great peculiarities of draperies generally, that of their being 
viewed not as flat surfaces, but in waved su^aoes. One portion 
of a table-cloth is, however, seen when flat, but this is almost 
an exception in the case of driq>eries. Another exception to 
this rule of hangings appearing in folds, and that of a very com- 
plete character, occurs in. silk damasks whioh are used as a rich 
lining to the walls of palaces and some mansions ; but of table- 
cloths we will speak for the present. 

The central part of a table-cloth, that portion whioh is always 
to be viewed as a flat surface, may be enriched with any diaper 
pattern that is simply treated, and this diaper pattern may be 
full of design, provided the parts are not too large or too small. 
It may also be formed of gracefuUy-ourved parts, or of straight 
lines or circles, or of any combination of these elements ; but, 
preferably, not wholly of straight lines. 

Were it not for the fact that much of this central portion of 
the cloih is to be covered by ai^oles of the dinnerrtable, it 
might w^ be formed as a central ornament, repeating only in 
quarters ; but as such an ornament, in order that it be satisfy- 
ing, requires to be seen as a whole, it is not desirable that such 
be here employed. A diaper pattern that repeats many times in 
the centre preferable, as the pattern can be seen in a satis- 
factory manner. 

The border of a iable-oloib, like all ' fabrics tlmt are to 
be seen in folds, requires special treatment, for what looks 
well when seen as a flat surfm may not look w^ when seen 


on a waved surface. Ibnder and graoeful curves ore lost when 
viewed iq;>on folds* for they here appear as mete wormy lines. 
On the contrary, right lines, whether horisontal or diagonal, and 
circles, all look well when seen upon waved grounds. These 
lines beomne, owing to the folds of the fhh^, curves of a 
subtle oharaoter. mannerin whioh Ihies beocme influenced 
by falling on a curved suxfaoe can be readily iUustrated by 
fcxrming semioirdes of paper, and folding them into cones, alt^ 
having drawn upon th^ a series of oiroleB (Fig. 71) or stnighi 
lines (Fig. 72). If these cones (Figs. 73, 74) are now viewed 
from above, or in such a manner that the eye rests over the 
apex, it will be seen that the droles have now become richly- 
varied curves, each having somewhat ibe form of a blunt 
heart or cardioid (Fig. 75), and that the straight lines become 
horse-shoe shaped (i^. 76). These illustraticms will be suffi- 
cient to diow that what is plain when seen upon a flat surface 
may be delioate and satUf^g if seen upon a curved surface ; 
and will also lead ns to understand that what may be delioate 
and refined when seen upon a flat surface may b^ome feeble 
and unsatisfactory if falHng upon a waved ground. I have 
said that stripes or straight lines, if oroiHng a folded fabric, 
are satisfactory. This is so in almost all oases, the only excep- 
tion being in ladies' dresses. Here lines crossing the fabric ore 
not satisfactory, as they become rlngpi around the body, which 
i^>pear to divide it into hoop-like strata. The patterns of dresses 
may consist of narrow, vertical stripes, as these are collected 
together at the waist of the figure, and fall into graceful curves 
with any motion of the body, bnt the very opposite is the case 
with window-hangings. All vertical stripes are here highly 
offensive, while horizontal stripes are thoroughly satisfactory. 

A oonsideration of the window-hanging materials made in 
Spain, Algeria, and on the Morocco coast, will show us the 
beauty of horizontal stripes ; and in some of the little Algerian, 
warehouses, such as we have in Begent Street, London, and in 
the Bue.Ae Bivoli in Paris, we see some of these fabrics of » 
most interesting oharaoter. 

To state in a concise form the laws whioh should govern the 
application of ornament to curtain fabrics whioh are to be seen 
in folds, I should say— 

let. Great simplicity of pattern is necessary. 

2nd. Circles, straight lines crossing the fabric, and diagonal 
lines ore all correct in such a case, and are improved by the 
folds, whioh form them into subtle and beautiful curves (Fig. 77). 

8rd. If curves are tender and graoeful, they become common- 
place on a waved or folded ground. 

4tb. The size of the pattern should bo considered in relation 
to the size of the folds of the material. 

In Germany a kind of ornament ia implied to rich stiff fabrioa 
whioh is almost peculiar to the country. This ornament ia rich, 
bold, hard, or stiff in its lines, and in every way adapted for 
the decoration of a costly fabric which falls in largo folds, tho 
folds changing the hard and stiff lines into graceful curves. This 
shonld also be noted respecting these curious yet beautiful 
patterns, that they are always simple in plan, howo7er rich 
in detail, and are invariably founded on a geometrical basis. 
** German Gothic " is a name by whioh such ornament may 
be distinguished (flat Gothic ornament has always been quite 
distinct from the stone and metal ornaments of Gothic buildings, 
which have solid, and not merely superficial form). In our l^t 
article we engraved one illustratiou of this form of ornament, 
and with this article we engrave another of the some oharaoter. 
(Fig. 78). This particular class of ornament forms the back- 
ground to many old pictures, a most interesting collection of 
which exists in the museum of Cologne, and ia oertaiuly worthy 
of the most careful study. 

As to flat silk wall-damasks, whioh are need in some of tiio 
upper-class houses as wall-papers are used in the lower-class 
houses, all that need be said respecting them is ^t they 
should be treated as wall decorations, and not as fabrics which 
are te be seen folded. Were I asked whether I approve of these 
damasksa4 wall coverings, I should say, ** Certainly not.*' A wall 
is better treated as a wall, and not so covered irith drapery as 
te leave space for vermin between the wall and its enrichment. 
There is else tee further objection that the lines wh^e the fabric 
is asre visible, and these are most certainly objectionable. 

ij^sidcs tee illustration of German ornament whioh we gave 
in our last article, we figured also a specimen of Indian em- 
broidery on i^tton. I top strongly recommend the 
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€6iigBer o( pttttenis for woven 
'ftkllriof to etttdy . the natiTe 
-ftAxeibe of India, exhibited at 
thalhdiitt HniMiiitt, 

Bbddea thie ooUebtion here 
ilnioaglit toge^ieir, there Is also 
in most onr maxmfaotaring * 
towns a Isirge series of spe^* 
unenB of these oloths depoirited 
with the Chamber of Oozomeroe, 
and these can be consulted hj 
all respectable xnembers of the 
community. Spealdng of these 
Ttniiati fabrics, Hr. Bedgr^e 
says, in his Beport on Design 
prepared for the Commissioners 
of the International Exhibition 
of 1851 : — “ These are almost 
wholly designed on the princi- 
ples here presnmed to be just 
ones— -the ornament is always 
fla^ and withoatshadow ; natnrol 
flowers are never nsed imita- 
tive^ or perspeotivoly, but a« 
•conventionalised by being dis- 
played flat and according to a 



symmetrioal arrange- 
ment; and all other 
objects, even animals 
a^d birds, when nsed 
as ornament, are re- 
duced to their sim- 
plest flat form. When 
colour is added, it is 
usually rendered by 
the simplest local hue, 
often bordered with a 
darker shade of the 
colour, to give it a 
blearer expression ; 
but the shades of the 
flowers are rarely in- 
troduced. The cloth 
of gold fignired in the 
loom (Fig. 79), and 
part of an Indian scarf 
(Fig. 80), Ulustrate 
fully these remarks. 
The ornament is geo- 
metrically and sym- 
metrically arranged, 
flat, in simple tints, 
and bordered, as 
above described, with 
darker shades of the 
local colour. The 
principle of colour 
adopted is a balance 
of the oomplemen- 
taries red and green, 
in both oases with 
white introduced to 
give points of expres- 
sion ; and to lead the 
eye to the symmetri- 
oal arrangement of 
the ornament. In Fig. 
79, purple is intro- 
duced to harmonise 
with the gold ground, 
a harmony very fre- 
quently used in the 
rich tissues of India. 
In Fig. 80 variety has 
been bbtirinod by in- 
troducing two reds, 
giving on interohange 
•of a lighter tint in 


Fig. 77. 







cvsis: other flower In the border* 
This borders of these soarves are 
beautifnlly illustrative of tiie 
simple and graoeful flowing 
lines whidb chsxaeterise Indian 
ornament; and in Fig. 80 we 
can observe the difference be- 
tween the Eastern and the me- 
diflsvalpattenuh—while the same 
principles are acknowledged in 
both, the latter are often stiffer 
and more angular tiiaa the 
graoeful sprigs of this boeder. 
Both these works show how 
much beauty may be obtained 
by simple means, when regu- 
lar by just principles, and 
how perfe^y unnecessary are 
the mnltipH^ tints by which 
modem designers think to give 
value to theis woiks, but which 
increase tiie difficulties of pro- 
dnotion out of all proportion 
to any effbot resulting from 
them — ^nay, often even to the 
absolute disadvantage of the 
fabric. If we look at 
the details of the 
Indian patterns, we 
shall be surprised at 
their extireme simpli- 
city, and be led to 
wonder at their rich 
and satisfactory 
ePeot; it will soon 
be evident, however, 
that their beauty re- 
sults entirely from 
adherence to the 
prindplee above de- 
scribed. The parts 
themselves are often 
poor, ill-drawn, and 
commonplace ; yet, 
from the knowl^ge 
of the designer, due 
attention to the just 
ornamentation oi the 
fabrio, and the re- 
fined d^caoy evident 
in the selection of 
quantity and the 
choice of tints, both 
for the ground, where 
gold is not used as 
a ground, and for the 
ornameni^ forms, 
the fabrics, individu- 
ally and as a whole, 
are a lesson to our 
designers and manu- 
facturers, given by 
those from whom we 
least expected it.*’ 
Much that Mr. 
Bedgrave hero says 
is worthy of careful 
consideration, and I 
can do no more than 
recommend the stu- 
dent to study these 
beautiful Indian 
fabrics, and oonsidez 
them in oonjunotion 
with the remarks 
which we have mado 
respboting them and 
fabrics in general. 
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FARMING AND FARMING ^ONOMY.— V. 

Bj J. WjuaKiioir« Prof«Mor of Agrionltori^ Bogral Ckdiocd of Minai. 

TBBATMENT OF FALLOTm, no. 

Tbi but or naked fallow hai oeaaed to oxkit over lafge traote 
where it onee obtained ; and yet we cannot treat thie mefihod of 
cleaning and fertiliaing land as obsolete. Drainage, steam onlti- 
▼ation, tiie use of portable inannree, and improved appliances 
are causing its gradnal disappearance, but the final result is 
still distant, and the proofs of bare-fallowing still demands a 
place in an agrionltural treatise. 

In disoossing f^ows, we most divide our subject into 
two parts: — (1) 'fhe working of bare fallows, and (2) the treat- 
ment of root or gxeen-orop fallows. 

BABS-FALLOWXNO. 

Upon light and medium soils, a bare fallow is rarely and 
ought never to be seen ; while upon stiff land it may oooa- 
sio^ly be adopted with advantage. The objects of fallowing, 
whether bare or otherwise, are twofold — (1) to clean, and (2) to 
enrich the soil. We have already shown (No. IV.) how these 
objects are aooomplished, either by a system of root-crop culti- 
vation or by tlUing the land without a crop. There are, how- 
ever, very important differences in the working of these two 
desoriptiras of fallows. Our root-crops — and we especially here 
refer to swedes and turnips — ^requireaxnoist, finely-tilled seed- 
bed { or, in other words, they need the most favourable conditions 
for germination and growth. Such a fine, and at the same tune 
moist, state of soil is best obtained by autumn ploughing and by 
as littie spring cultivation as is consistent with the destruction 
of weeds. Hence autumn onltivation is the surest method of 
obtaining good r<mt-orops. In bare-fallowing land, an opposite 
condition vt soil is desired. Here, no intermediate crop is con- 
templated, but the farmer looks forward to the direct success of 
his wheat. It is his intention to till the land throughout 
summer, to thoroughly expose it to atmospheric agencies, to 
employ the solar heat to scorch up every weed, and to present 
his land to the same influence, t^t it may be baked through, 
afterwards to fall ** like lime '* under the influence of heavy 
rain. Finally, by the middle of August, it is his object to 
secure a seed-bed for his Wheat, composed of a mixture of fine 
earth and clods, which the coming frosts of winter may crumble 
down about the young wheat, and thus prevent the roots from 
being ** thrown out.*' With those objects in view there is but 
small inducement to undertake the cultivation of a bare-fallow 
in the autumn. There ore indeed good reasons for not doing 
so. Autumn cultivation would res^t in too fine a condition of 
soil for the above purposes, and not only so, but time being 
limited in the fall, it will be well to devote the energies of the 
farm to the cultivation of land intended for mangel-wurzel, 
potatoes, and swedes. The working of bare-fallows will, there- 
fore, be commenced in the winter, by breaking up the stubbles 
with a strong plough, drawn by thr^ or four horses, according 
to the tenacity of the soil and the depth of the farrow. With 
reference to this last point, depth, it is difficult to speak 
positively. Deep ploughing is, as a rule, to be recommended ; 
but there are exceptions, as where the cultivated surface is 
underlaid by hard, sour, yellow or blue clay, which has never 
yet been brought under ameliorating influences of air, light, 
and vegetation. Here indiscriminate deep tillage woiild act 
pi^udioially, by mixing a large quantity of raw, unworked clay 
with the surface soil. In such oases we should recommend 
a gradual deepening of the soil during a series of years, in pre- 
ferenee to at once increasing the depth, and we should prefer 
the extra deep-ploughing to be performed during the autumn 
months, so as to allow of the action of frost upon the newly 
brought-up esrth. 

Betuming to the tr^tment of ordinary fallows, the land may 

ploughed eev^ to eight inches deep in winter; the usual prac- 
tice being to split or cleave the ridges. The second ploughing 
takes place in the spring, when the furrow is turned back or re- 
versed. It is cross-ploughed in the summer, and by this means 
the land is thrown up very rough under a bumixm sun, which 
destroys every blade of vegetation. Drag-harrowing, grubbing, 
and weed-picking follow, by which the dods are partially broken 
and turned over, so as to present new surfaces to the sun and 
sir. A fou^ ploughing in the same direction as the first is the 
next operation., after which dung is carted and spread on the 


surface, and the oparatioiis are ocmohided with a fifth furrow, 
known as the seed-furrow. 

As there are many modifications of bare-fdlowiug, we add 
to the above general desoxiption the treatment reoommended 
hW Mr. Stephens, in a recent edition of **The Book of the 
Farm.’* FaUow land, we are tdd, is the last stubble-ploughing 
in winter, and is done in the same manner as for pointoes and 
turnips. Then oomes cross-ploughing in the spring, after 
whidi the land is left, and the energies of the farm axe 
conoentrated upon turnip onltivation When Irisure permits, 
attention is once more bestowed npon the fallow, and it 
is at this stage that Mr. Stephens ^ves minute directions, 
too detailed for our present purpose, for freeing the land from 
weeds. Subsequently he tells us ** it is impossible to determine 
beforriiand how many times bare-fallow should be ploughed, 
hiurowed, grubbed, and clod-crushed, to make it oleim, but it 
shoitid be borne in mind that such is the object of bare- 
fallowing.” 

Dung is applied at the end of July, at the rate of 12 to 15 tons 
per acre, and ploughed in, in drills miming diagonally across the 
fnture i^ges. By this mode of manuring the dung putrefies 
readily, and after the drills axe harrowed down, and the seed- 
furrow is given, the dung becomes iutimately incorporated 
with tile soil, ^yldon thus gives in detail the cost attendant 
ui>on this laborious operation : — 

First ploughing in winter, with three horses, a man and a £ s. d. 
boy, at the rate of three roods a dsy • . . . 0 12 0 

Grubbing fences and clearing ditches 0 0 6 

Second ploughing in the spring 0 10 0 

Three strokes of harrows, 2s. Sd. ; rolling, Is. ; gathering 

oouoh gnus, 2 b 0 5 8 

Third ploughing across, 10s. ; harrowing. Is. 6d. ; scarify- 
ing, 4s. } harrowing. Is. 6d. ; gathering oouoh, 2e. ; 

rolling, Is. 10 0 

Fourth ploughing with manure . . . . • .080 

Seed-furrow, 8 b. ; three strokes of harrow, 2 b. 3d. ; water 

furrowing, 2a. 6d, * , . 0 12 0 

Total £3 8 6 

In parts of Essex nine ploughings are sometimes given to 
make a fallow, while in North Kent one ploughing is thought 
Buffloient, or two at the utmost. The above descriptions of the 
process are usually followed. 

BOOT-OBOP AND OBBBN FALLOWS. 

It is impossible to estimate the importance of the “root- 
crop” to the nation. It is owing to the extension ef this culti- 
vation that fresh meat has become a possibility throughout the 
winter ; that the amount of fat stock has been indefinitely in- 
creased; that an increasing population has to a oonsidorable 
extent obtained employment, and that a strong impetus has 
been given to agrioultare. Boot and green crops now occupy 
land which would formerly have been under a system of naked- 
fallowing, and, as has alr^y been insisted on, they do so in 
harmony with the objects of fallowing. When oonsumed on the 
farm, they return all and more than they receive to tiie soil, and 
thus increase its fertility, while the interoultnre to which they 
are eubjeoted secures the cleansing of the land. The root-crops 
ordinarily cultivated may be divided into the following groups .- 
swedes, yellow turnips, white turnips, mangel-wurzel, and 
carrots, to which may 1^ added, by stretching a point, kohl- 
rabi, cabbages, rape, and potatoes. 

These groups represent a considerable number of species, each 
of which has numerous varieties and sub-varieties. We cannot 
pretend, in the limited space allotted ns, to even give a list of 
all these plants, but must confine ourselves to little more than 
a general description of each type- 

The swede constitutes the main root-crop of Great BritauL 
It is at once distinguished by its smooth bluish-green leaves, 
its oyUndrioal form, and its compact flesh. Its skin is either of 
a dull purple or dull green oolour ; by which property the group 
is divided into purple-topped rad green-topp^ swedM. 

The first group is well illustrated by Skirving’s purple top, 
Laing’s purple top, or strap leaf, the East Lothian purple 
top, etc. } a^^ the second group comprises the green top rad. 
the wMte swede. By far the larger number of varieties before 
the public briong to the purple-ridnned sorts. Swedes require 
land of good or moderate fertility, rad form, owing to their 
keeping properties rad hardihood in time of frost, the stHde 
food of sheep and cattle from January to the end of April. 



OBJECT BBAWINa 


831 


Toniipa are at onoa reoogniaed hy tlieir roagb tise-gnen 
leaTM, thair usually olMmtte form, said tho softness of their 
flesh. They are dasnfled by the oolour of the skin and of the 
flesh, and by their form; thns we find green top, pnrifletop, red 
top, white, mottled, yc^ow, fleshed, and white fleshed. The 
changes capable of beW ^mg upon these oharaoters are almost 
endless, and we aooordmgly find green*top yellows, pnrple-top 
yellows, green-top white, purple-top white, common white glo^, 
Pomeranian white globe, grey stone, etc. Some of these tnmips 
to be of hybrid oric^ which again introduces us to a new 
series of green and purple topped hybrids ; others are of a 
long tankard form, still further complicating the nomenclature. 
Some are hardy, while others are easily damaged by frosts. 
They grow quioker than swedes, and usually are consumed 
before hard frosts set in ; although late-sown turnips will stand 
an ordinary winter. 

Turnips will thrive upon poor light soils, where swedes could 
not grow successfully. 

MangeUwwrxel is of less general cultivation, but is seen 
oovering a large area in the south of England. It cannot resist 
frost, and is well adapted for withstanding drought, both of 
which conditions indicate its fitness for a warm climate. On 
the other hand, the north of England and Scotland are emi- 
nently adapted for swede and turnip cultivation, these plants 
preferring a cold and moist climate. Mangel-wurzel is very 
free from insect attacks, as well as from mildew and blights, and 
may be depended ui>on for a full crop. It is suitable for stiffer 
soils than either turnips or swedes, and possesses wonderful 
keeping properties. The principal varieties are named accord- 
ing to form and oolour — namely, the orange globe and long 
yc^ow, and the red globe and long red. 

Carrots are often grown as a field crop, the white Belgian 
variety being in most favour. This crop requires deep loamy 
soil, free from stones. 

KohUrahi cannot properly be spoken of as a root-crop. Its 
fleshy or cellular portion, used as a cattle food, consists of an 
expansion of the stalk upon which leaves grow, leaving a soar 
when they fall. Kohl-rabi is much esteemed upon the fens of 
the east of England, where turnips are apt to grow hollow in the 
middle, and mangold does not succeed. It is also well adapted 
for the stiffest classes of soil, upon which it may be sown, or 
planted out from seed-beds like cabbages. 

There are several varieties of koM-rabi, among which we 
may mention the purple oblong and round, and the green oblong 
and round, as woU as the curly or Neapolitan and the artichoke- 
leaved variety. 

Cabbages^ both late and early, close and open headed, 
usually form an excellent crop for stiff soils. A considerable 
amount of attention is being given at the present time to their 
cultivation. 

Rape is closely allied to swedes, and is cultivated in Great 
Britain exclusively for its leaves, which form an excellent food 
for sheep. 

Potatoes comprise an almost endless variety, but as they 
are scarcely to be ranked with the foregoing as stock foods, we 
shall leave them for a future chapter. 

It is worthy of notice that by a proper selection of the above- 
noticed plants land of almost every shade of quality can be 
suitably cropped, and live stock may be provided with food 
throughout a winter lasting from the first of October to the 
last of April. Light lands will grow turnips ; medium soils, 
swedes; stiffer soils, mangel-wurzel; and the heaviest clays, 
kohl-rabi and cabbages. Again, turnips will give an abundant 
supply of food up to Christmas ; swedes will be good until the 
end of April; and mangel-wurzel will keep, under favourable con- 
ditions, for two years. We will now pass on to briefly consider 
the cultivation for ** roots." 

PBSBFABATIOK OF LA.ND. 

In working land for roots, a very different system of culti- 
vation is pursued to that previously prescribed for bare-fallows. 
Taking the case of dean land of medium tenacity, we should 
recommend the /bUowing course of tillage to be sufficient. One 
deep autumn ploughing, after which the land lies until near 
the time for root-sowi^. Weeds are dien got rid of by the 
** cultivator," and the land is harrowed, and sown on the flat or 
on the ndge a« the case may be. Su^ a cultivation can only 
be carried out upon clean land. Whore land is foul, a more 


complicated iqrstem must be use^ As soon as harvest is over, 
the stubbles are pared with a paring-plough or broad share of 
some kind. Thus the top is distudied for shout X) or 2 inc^ 
in depth; harrows and roUets follow, sad by their action, sup- 
posing the weather to be favourable (dry), eeparate the ear& 
from the roots of weeds. This praotioe is founded upon the 
fact that immediately after hsrvirt ecueh Bee near the surface, 
and can be readily separated from the under soil by a shallow 
cultivation. The weeds being separated from the adhering 
coil, they are raked together and burnt ; the ashes’ are spread 
and dnng is carted on to the land at the rate of bom 15 to 25 
single horse-loads (weighing about 15 owt. each) per acre. A 
deep ploughing is the next operation, alter which ihe land rcata 
through the winter, receiving the pulverising inflnenoes of 
changes of temperature. There are many advantages in thus 
antioipatixig the cleansing process by autumn cultivation. The 
land is not dried by repeated plonghings during spring; a 
fine surface is ensured by the action of obamges in temperature ; 
eggs of insects and seeds of weeds are destroyed, and work is 
accelerated. 

The precise amount of oultivation which land may require 
in the spring is ever varying. All we can say is, the less the 
better for tbe success of the rbot-orop ; although, at the same 
time, there are oases in which the fon^eas of the land necessi- 
tates a considerable amount of spring work. We beUeve it 
is sound i>olioy to insist on the land being clean, even if the 
crop is thereby sacrificed, because otherwise the object of 
fallowing is frustrated. 


OBJECT DRAWING.— IX. 

The subject of the present study (Eig. 52) is the cross when 
placed vertically, its front elevation being at right angles to 
the plane of the picture. 

As already explained, this cross would be contained in a 
square slab ; but it must be clearly understood that the prin- 
ciple of thus generalising the form would be applicable what- 
ever might be the proportions of tbe arms. 

Having, then, sketched the slab, draw at the middle of the 
side whioh is parallel to the plane of tho picture, the square 
representing the end of the horizontal arm, and draw lines 
from the angles of this square to the point of sight ; the length 
and thickness of this end of tho arm will be regulated by the 
distant side of the slab, whioh is, of course, parallel to the 
near side. 

Now draw a diagonal, a 6, which, cutting the lines of the 
horizontal arm, will give the points c and d, through whioh the 
lines forming the face of the upright arm are to be drawn ; 
Idle rest of the figure will be readily understood from the 
drawing. 

Fig. 53. — ^It having thus been shown that the cross whioh 
formed the subject of Fig. 52 is contained in a square slab, it 
will readily be seen that if the additional arms (Figs. 49 and 50) 
are inserted, the oross will have six equal arms, and thus, 
instead of enclosing it in a square slab, a cube wonld be required 
for the purpose. 

We proceed, therefore, to sketch a cube placed at an 
angle to the picture-plane — ^viz., ah c d ef. 

Between a and c, and between a and e, mark g and b, and ijt 
representing the perspective widths of the arms which toueffi 
the sides of the cube. 

From g h and i j draw lines, whioh in tho object would be 
parallel to the sides of the plan, and therefore in the drawing 
must tend to the same vanishing-points — viz., g k, h I, im^ 
BSkdj n. 

These lines give the perspective view of the plan of two 
slabs, intersecting each other at right angles ; and it w^ be 
evident that in ^ese two planes the arms of the cross will be 
contained. 

From these points erect perpendiculars, whioh, being joined 
on the upper surface of the ou^, will oomplete the view of the 
two intersecting planes ; the lozenge-shaped form caused by the 
crossing of the planes r^resenting the square upright, which 
is common to all the arms. 

It now remains to (as it were) hew the hcrisontal arms out 
of these two vertical slabs ; and it will be seen that these arms 
are in themselves portions of a third slab, intersecting the 
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^two harisoDially s Hherefan, in ibn middle of the line «i b, 
foark Ot p equal to i£e real thiokaeee of the atme, and from e, p 
drew linee to emdi of the vaniehing^pointe, 

Theie liaee irill oat the perpendioalmre p, h in g,r, a, t, and si 
in Ut Vf iOt e, these loxengee repreamUng the endi of the enoe 
*on the Bides the onbe neeraBt the speotetor. 

l^m the points q, r, s, t,mDdu, iherefoxoi lines are 


Ftcm a and t set off a e sad b d, xepsesenting the iridth of 
the blocks whidh ere to take the positton of lo|^ Bxaw lines 
to the point of sight. 

These wiU oat the diagonilB in foor points, ivMoh will be the 
inner angles of the plans of tiie kgs. Tbe complete plan being 
j thns prepared, it is to be left wh^ the general form is pro- 
I oeeded with. 




OWBCT DmWING. 


Tb» ihading in iheie objeote «iU jc^qnire no onp l a n nfci on , 
and its geneml ohiiacaoter haTing been glanced at in dw^ing 
noir before tm, ihottld be stadiedlrom the actual gronp of modela. 

..g. 56. — ^The eabject of this leeson ii 
an octagonal pctam lymg on one of its long 
eidee— ite axie» and ooneeqnently the aides 
and ende, being at angles to the plane of 
the picture. 

As in the former case, the proper method 
is to imagine the prism to be enobsed in 
an oblong block having ^uare ends. 

The method of obtaining the perspeotiTe 
yievr of an octagon has been shown in Fig. 4k6. 

It is not, therefore, neoenary here to repeat 
t^t elementary dgixre, since, although in the 
present study the octagonal end is vertical, 
and at an angle, and in the former view it 
is horizontal, ihe near and distant side 
being parallel with the picture-plane, the 
result is obtained in a similar manner, the 
lines, however, being drawn to the vanish- 
ing-point instead of to the point of sight. 

Having, then, sketched the oblong block 
ah cdf efghf and having marked upon a b 
the points i,i, draw linos from these to the 
vanishing-points of the lines a d and h c. 

These lines will out c d in Tc and Z, then 
t j and k I will be two sides of the octagon. 

Now draw the diagonals a c and h d, cut- 
ting ikinm and n, and j Z in o, p. 

Draw vortical lines through m o and n p, 

.meeting t c in 3 , r. and a d in s, f ; then q r, 



points for the distant end of the prism. This otject is pms 
posely rendered as if transparent, md without shadiDg, so that 
the working may be clearly seen. It is he edl e ss to repeat, 

the lines here shown would not all be neoes* 
sary to the advanoed student ; but it is the 
knowledge of the principles laid down, com- 
bined with practioe, whioh gives facility 
in drawing either from the objects, from 
memory, or from imagination. 

Fig. 57. — ^This is a sketch of a hexagonal 
prism, whioh is given to show the applica- 
tion of the same method to another poly- 
gon. In this case, however, the object is 
supposed to be hollow. 

Now if the side e of the hexagon were 
continued until it reached the horizontal 
line, the intersection would be the vanish- 
ing-point for all lines parallel to a (the 
rimdent will remember that ** all lines wMoh 
in the object are parallel to each other 
vanish to the same point ’’); therefore a 
and / should oonverge to vanishing- 
point on the right side, whilst c and d 
should be drawn to the point on the left. 

Now it will be clear that the lines forming 
the inner edge of the sides t.^f this hollow 
prism would in the object be p::^raJlel to the 
outer lines, and that they would meet on the 
diagonals of the hexagon, as in Fig. 58. 

Therefore, having drawn diagonals in 
the figure whioh is to represent the uppeu- 
end of the hexagonal prism, draw the line 



3 1 will be two more sides of the octagon. Join 3 i, r Z;, Z f, and 
i s, and the view of the octagonal end wQl be completed. 

It is only now aeoeasoxy to draw lines from each of the angles 
of end to the vonishiag-point of h f and c e. These lines 
lirill cut the tides of the quadrilateral a/ g h, and give the 


g parallel to a, and at sutii a distance within it as may 
seem desirable. Ikom the points where this line outs the 
diagonals, draw a line to ei^ vanitiung-point, meeting the 
which is parallel to the plane of tite picture. ^ From 
these points lines ore to be drawn to the opposite v ani sh i ng- 
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meetiof the next diegonele t then •» Une uniting theee 
interseotione oomplete i^e figure, end it will be erident 
thftt thie line will be parallel to ch P) end b« 


ELECTRICAL ENGINEERING.—XXVn. 

BY BDWABD O’XBBI'FJi, B.C., A.B.T.X. 

Demonttmtor in Eleotrioal Engineering, City end Ouilde of London 
Teohnioal College, Finabuiy. 

AooaiTOLATOBS. 

DISCHiLBaZHa>-SULFHATlNG-BUCKLINO. 

The strength of onrrent that shonld be used either in charging 
or disohi^ing an aoonmnlator depends entirely upon the 
number and sise of ^e plates ; in other words, upon the area 
of active material upon which chemical action can take place. 
The B.X.F. of an aoonmnlator containing a single pair of plates 
is exactly the same as that of one containing a large number, 
bat its internal resistance is considerably greater, be^g propor- 
tional to the amount of plate-surface immersed in the liquid. 
The maximum current with which an aconmnlator should be 
discharged is the same as its maximum charging current. This 
rate may be exceeded if necessary, but it shonld never rise 
more than 25 per cent, above the charging current ; if a higher 
rate than this is adopted, the brown plates will probably buckle 
and short-oireuit the accumulator. 

8ULPHAT1NO. 

When a sudden large discharge is taken, gases are often 
evolved from the plates with sufficient force to drive portions 
of the paste out of the grids, and thus to reduce the capacity 
of the accumulator by reducing the amount of active materiid 
in it. This is notably the case if sparking is resorted to when 
it is desired to ascertain whether a particular cell is charged. 
By ** sparking ** is meant taking a short piece of wire, laying 
it for an instant directly across the terminals of the accumu- 
lator, and seeing if a good spark is obtained on breaking the 
oirouit. This is a most ignorant and injurious practice; it 
simply amounts to short-oirouiting the accumulator and causing 
a sudden and enormous current to circulate while the wire 
remains in contact. This large current gives rise to a sudden 
evolution of gas in great quantities — resembling an explosion 
on a small scale — in the substance of the plates and the 
probable expulsion of a portion of the paste in company 
with the gas : a piece of paste thus expelled may be sufficiently 
large to bridge over the space separating a pair of plates and 
thus to short-circuit the accumulator. 

These remarks do not apply with equal force to the Plante 
or any aooumulator containing plates of ordinary sheet lead : 
as they contain no paste their capacity cannot be reduced by a 
sudden large discharge, but any want of symmetry between the 
plates is increased and a tendency to buckling is soon developed. 
An accumulator made of sheet lead has a smaller capacity than 
one containing paste, bnt it is less liable to injury when large 
discharges are taken. The capacity of an accumulator is 
stated in terms of the number of ampere hours it can store up ; 
an ampere hour* meaning a current of one ampere lasting for 
one hour (it does not mean that the aooumulator must be dis- 
charged at the rate of one ampere). An ampere hour is equally 
well represented by twelve amperes flowing for five minutes, or 
by sixty amperes flowing for one minute. 

An accumulator should never be discharged beyond the point 
where its X.h.f. begins to drop rapidly. It is advisable to 
allow about 25 per cent, of the accumulator’s possible charge 
to remain in it under all oircumstMioes— this point can usually 
bo approximatdy determined by the b.m.f. beginning to fall 
below 2 volts j when this point is reached no time shoedd be 
lost before starting re-charging. H an accumulator is com- 
pletely discharged, all the paste on the brown plate will con- 
sist of sulphate of lead (PbS 04 ), liquid will be in its 

most dilate condition. If it is allowed to remain in this state 
without charging, the brown plate will be converted into the 
higher form of sulphate (PbjSOa), which offers a high resistance, 
and is not easily decomposed bv a current The formation of 
this substance is what is usually referred to as ** snlphi^ng *’ 
in sa aooumulator, and it must not be oonfounded with the 
ordinaiy formation of snlphate of lead on the brown plate. 


Whenever the term snlphating is here used, it is the formation 
of this higher form of sulphate that is referred to, and this 
substance is the cause of fully nine-tenths of all the trouble 
ttuit an installation of acoumul^rs can give. 

Snlphating is due to one of the following causes : — 

(a). Discharging the acoumulators beyond the point where 
the X.K.F. begins to fall rapidly. 

(5). Allowing the acid solution to become tqo weak. 

With ordinary care the second these causes ought never 
to arise ; it simply points to gross oarelsBsness in not attending 
to the indications of the hydrometer. The acid may be too 
weak either through the original solution having l^n >too 
weah, or through some of the acid having been carried off in 
the spray when the accnmnlator was boiling, and its place 
taken by the water which was poured in to keep the level of 
the liquid constant. ^ On no account should the liquid be 
allowed to fall so low as to expose any portion of the plates to 
the action of the atmosphere. 

The other and more usual cause of snlphating may arise 
through one of the following reasons : — 

1. Wilfully discharging beyond the point where the b.m.f. 
begins to fall rapidly. 

2. Short-oirouiting. 

3. Allowing the accumulators to remain unused for a con- 
siderable length of time. 

The first of these reasons can always be avoided by test- 
ing each accumulator with the voltmeter described in the last 
clmpter, or some similar instrument which will give an indica- 
tion of the x.H.F. ; or, by an intelligent observation of the 
hydbometer when the strength of the acid is known to be 
correct. 

Short-circuiting may be caused by an accidental short- 
circuit on the main leads, or across the terminals of any single 
cell ; by some foreign substance, or a piece of paste, bridging 
over the space between a pair of plates ; by the buckling of 
one or more plates till contact is formed between a grey and 
a brown; or by insufficient insulation of one or more cells, 
which would cause them to lose their charge when they were 
not supposed to be sending any current, and which would 
prevent them from receiving their legitimate strength of cur- 
rent when all the other cells in the circuit were being charged. 

A short-circuit can always be discovered by the cell thus 
situated showing no tendency to boil when all the others in 
the circuit were boiling ; or by the hydrometer showing that 
the densiiy of the acid in that cell was lower than that of the 
others at a time when they were all supposed to be charged. 

When acoumulators are not requir^ for use for a con- 
siderable length of time, the precaution should always be taken 
of fully charging them before laying them aside. They should 
be all fully charged at least once every month while not in 
use, otherwise leakage and local action will be sufficient to dis- 
charge them, and snlphating will set in. 

S^phating usually shows itself in white spots on the brown 
plate ; these quickly spread, covering the whole plate. Unless 
steps are now taken to arrest the action, a white scaly sub- 
stance Is formed, which chokes up the cell and ruins it. 

There is only one cure for snlphating, and that cure is only 
effective when taken in time — it is continual charging with a 
moderate current till all traces of the white sulphate have dis- 
appeared from the brown plate. If the smallest trace of sul- 
phate be allowed to remain, it will form a kind of nucleus 
from which snlphating will again assuredly spread. Sulphate 
on the brown plate r^uoes its effective surface, and therefore 
a proportionately small current must be used in, charging, 
otherwise the cell would boil before it was charged, and before 
the sulphate was reduced. This onrrent may be gradually in- 
creased as the sulphate becomes reduced when the normal 
charging current may be used. The cell must on no account 
be discharged till all the sulphate has been reduced, when the 
plate will recover its original brown colour, the sulphate 
having flaked off and fallal to the bottom of the oell. 

BUCKLING. 

After snlphating, buckling of the brown plates is the most 
usual cause of trouble in the managsment of aoonmulators. 
When the brown plate is being converted into peroxide of lead 
by the passage of a onrrent it swells, gaining both in volume 
and weight. This phenomenon can be best observed where the 
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hmm pUbte ocmiSitod origiiuiUy of oomtton oheet lood ) «fter 
being iii nie for oonio time tbit thoet will bove booome oon- 
■iderab] j larger than it at first wat, and if plenty of room it 
sot allowed for tbit expansion the plate mutt of neoettity 
begin to bookie } this bookling once started oontlnoet to 
inereate at each fresh charging till it finally thort«oironitt tiie 
cell. The increase in the site of the plates it not to noticeable 
in the cate of the paste aooomolbtors, for the reaaon that all 
the plates are folly formed before being fixed in their per- 
manent positions, and alto beoanee bat an extremely small 
portion ii the grid it ever converted into peroxide of lead, the 
effective material consisting almost entirely of paste. 

If two flat aooomnlator ^ates were fix^ to as to be exactly 
parallel, and if their enrfacet oonsisted of nniformly good oon- 
duoting material, then if a current were tent from one plate to 
the other, the cnrrent density woold be evenly distribated over 
the sarfaoe of the two plates, and the same amount of peroxide 
would be formed at one point as at another ; the brown plate 
would then expand nniformly, and if sufficient room be allowed 
for this expansion the plates would still remain parallel, though 
•lightly closer to each other. If the plates had not been placed 
parallel in the first instance, or if they were not both quite flat, 


separates the plates the greater is the resistsnoe of the liquid, 
and as the difference ci resistance between the grid a^ i^et 
remains constant, it forms a lets and less appreciable part of 
the total reaistaace in circuit as the . plates are separated by 
increasing distances} more of the plate is thus utilised as 
active nmterial by same amount of charging, and life 
of the grid is prolonged by its being allowed to fulfil its proper 
function, whi^ is that of a conducting reservoir for holding 
active material. 

Fig. 62 is an illustration of the latest type of Drake and 
Gorham accumulator, into which a distinct improvement hat 



it is clear that the length of liquid separating them would not 
be the same at different points, and therefore the resistance 
would not be uniform between the different portions of the pair. 
Those portions of the brown plate which were nearest the grey 
would then receive a greater portion of the cnrrent than those 
which were more remote, and a correspondingly larger amount 
of peroxide of lead would be formed at those places. The ex- 
pansion due to the formation of this peroxide would bring the 
already close portions still closer, and the density of the 
current passing at those places would be further augmented as 
the resistance decreased, while the more remote places would 
be robbed of their proper share of the current. Less peroxide 
'Would be formed at the distant portions of the plates than if 



been introduced by easting the grids of the grey plates with two 
feet, which rest on wooden strips that distribute their weight. 
The plates, as distinct from their feet, are thns raised above the 
bottom of the cell, a good oironlation of acid is procured, and 
since the brown plates have no feet, there is no possibility of a 


the current density had been constant over the whole surface ; 
less expansion would go on at those places, and consequently, 
the strains being unevenly distributod over the plate, warp- 
ing, or buckling as it is usually called, sets in. This buckling 
action increases at each fresh charging of the accumulators, 
and eventually ends in the plates touching, and the accumulator 
becoming short-circuited. 

The second cause of buckling is of even more importanoe, 
since it is of more frequent occurrence ; it is due to the fact 
that the brown plate does not present a nniformly good oon- 
^uoting surface to the passage of a current through it. If 
sulphating has taken plaoe to any extent, that portion of its 
surface which has become coated with snlpbate is comparatively 
inert ; it offers a resistance far above that of the other portions 
of the plate, and consequently bnt a small proportion of the 
total current passes through it, while the healthy portions of 
the plate are obliged to carry currents far exceeding in strength 
any that they shonld be called upon to carry under ordinary 
cironmstanoes. Buckling of the brown plates is the necessary 
consequence. The formation of sulphate reduces the effectiye 
area of the brown plate in proportion to the amount of sulphate 
that has formed; in fact, the effective area of the plate is 
but little in excess of the area of healthy surface. It is for 
this reason that the charging current must be reduced when 
the plates have become partially sulphated, while it can be 
gradually increased to the original maximum as tho sulphate 
becomes replaced by the healthy peroxide. 

When but a small distance separates the plates — as was 
customary iu the early forms of accumulators — any slight pro- 
minence on the surface of any plate considerably diminishes 
the resistance at that point, and allows an unfair amount of 
chemical action to take place there t when they are separated 
by a greater distance-^ is now the case— the same prominence 



does not decrease the resistanoe in the same proportion, and 
the uniformity with which the current is distributed is less 
interfered with. Another point in favour of separating the 
plates is this The grid is a better conductor than the paste 
pellets, and the current tends to flow through the good in pre- 
lerenoe to the bad conductors-} if the plates are extremely cdose 
the difference of resistance between the grid and paste forms 
Sin appreciable part of the total resistance in oimnii, and a 
greater current density passes aorcss the liquid to the grid 
than passes to the pellet The greater the distance that 


Fig. 63 ,— TTpai OP u.p.e. tiak cell fob liobtiko 

PtXBPOBES. 

short-oiromt by the sediment and paste which invariably aoon- 
mnlaie at the bottom of every cell. 

The casting of feet on the grey plates was first introduced 
by the E.P.S. Company, who also connect all these feet by a 
thick lead band. This modification has been introduced only 
into the most recent type of the Drake and Ctorham aocnmn- 
lator { it can be dearly seen in Fig. 62 . 
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Fig. 60 i* oniUiuiiMition of tbe form of Z.P.S. aooomiikior 
recommended for lighting pnrpoeM, where the cell cannot 
alwaje remain, in a etationaxy position | as, for instance, on 
board ship. The form, arrangement, ai^ general features of 
the plates are similar to those already described. The plates 
are enclosed in a strong teak ease which will withstand a lot 
of rough usage ; they are completely covered in — so. as to pre- 
vaat the acid from spilling — ^with the exception of a small hole 
in the centre of the lid which allows the gases to escape. The 
grey plates stand on the bottom of this case, while Ihe brown 
ones are supported at the sides by their projections resting on 
two pieces of teak placed on their edges — this device can be 
seen in 63, where the end of the case is broken away. The 
terminal of this aconmnlatior is a feature in itself. From the 
plates projects vertioally a stout lead pillar which is oironlar 
in section, sli^^ oonicai, and pierced with a slot into which 
a wedge-i^ped pin <MKn bo forced. Orer this pillar fits a ring, 
also slightly epnical, which can be forced tightly os, so as to 
make gopd cqtttadt, hy forcing the pin into the slot. The con- 
nooting wire is ‘J^ldmed into a projection on the side of this 
ring. Apy joltinjg or Vibration to which the accumulator may 
be subjected will only tighten this contact and improve tho 
connection; whereas the same usage would almost infallibly 
loosen any kind of screw joint, and thus introduce a variable 
and probably high resistance into the circuit. 


TECHNICAL EDUCATION AT HOME AND 
ABROAD.— XII. 

EXAMINATION QUESTIONS SET AT THE INSTITUTE i 
(continued). j 

BY SIR FHILIF UAGNUB. | 

Weaving. — Ordinary Qroule : Describe tho various movements ; 
required in weaving a piece of plain cloth by hand and the 
same cloth by power loom, giving each in its proper order of 
sucoesaion, and pointing out tho advantages or disadvantages 
of each system. 

A plain fabric is one in which the warp and weft interweave i 
with each other alternately, and at right angles to each other. I 
Give a few examples of tho way in which a plain cloth may bo 
diversified or ornamented, without using colour or departing | 
from tho above rule. | 

A drum 13 inches in diameter, making 120 revolutions a 

minute, is required to give motion to a abaft required to make | 
lo6 revolutions. Find the diameter of the pulley required. 

Give the coat of material in a cloth of the following dimen- 
sions — 64 ends two-fold GO^s cotton per inch, at Is. 9d. per lb., 
with silk etripe extra of 12 ends 60*8 two-fold silk every inch, 
at I4s. per lb., 31 inches wide in the reed, woven with 66 picks 
per inch of 06's single worsted, at 2s. lid. per lb., 48 yards 
long from 55 yar^ warp, allowing 5 per cent, for waste of 
weft. 

How is the grist of cotton yam indicated? How would 
you proceed to asoertidn the grist of cotton yam ? 

Give a oaloulation showing tho weights of warp and weft in 
a piece of cotton olbth woven in a 20- reed with 18 shots (Man- 
ohester oonnt), 40 inches wide, 60 yards, 70’g warp, 80’s weft. 
Allow what you'oonsider necessary for shrinkage in length and 
width, and extra ends for selvages. 

Honours Grade : [The* examination in Honours consists of 
(1) Advaaoed QuestionB ; (2) Analysis and Working out of 
Patterns ; (8) Weaving.] 

Desori^ m parts of the loom effecting the three principal 
movements invreavi&g—viz., Ist, opening ^e shod; 2nd, pick- 
ing or throwing in &e weft ; and 8rd, beating up the weft, 
both in the hand loom and power loom. Institute a compari- 
Bon between the two systems, pointing out the advantages and 
disadvantages of each, and show tho exact relative positions of 
the said parts at any given time during the process of working. 

Describe how designers transfer a sketoh from plain to point 
paper, and explain the readiest mode of arranging a design for 
double-cloth where figures are formed by the two dotto ex- 
changing places. 

Describe the winding, wanting and dvMsing, or starching 
.machinery used in the preparatiDn of single cotton yam for the 
power loom. What are the principal features of a good 


machine for each purpose f Wh^ .are "the duto of tho^ 
workers at th38e machinM, and wherein ; is skiU still xeqaired 
of them to achieve good results P 

Compare the different kinds ci apparatus in nse for throwing 
the shuttle in power looms as regards t lat, tbe speed of the 
picker at different parts of its course ; 2nd, momentum, frio* 
tion, and reaction ; 3rd, cleanliness and handiness ; 4th, tear 
and wear. Sum np the merits and defects of each. State 
which you prefer for the work yon are aoqoaittted with, and 
why. 

Plumbing.-^OrMnary Grade : Write out a list of tools re- 
quired by a plumber. 

There are various kinds of traps, bell’* traps, “D” traps, 
“S” traps, *‘lip’* traps, and ‘‘ball’* traps, (Sketch one 
of eaoh, and say under what oonditions yon would prefer the 
bell trap. 

How does sewer air affect (1) soldered lead soil pipes, and 
(2) drawn load pipes, where there is no ventUating continua- 
tion of the soil pipe in either case ? What is tho proper weight- 
for lead soil pipe per foot superficial ? 

What is understood by “ disconnecting a house drain from 
the sewer**? Sketoh the necessary apparatus, according to 
any system you know best. 

Sketoh a wet gas meter and a dry gas meter, and describe 
the action of each. 

Honours Grade : Describe all the various kinds of solder 
with which you are acquainted, including plumber’s metal, 
tinman’s fine solder, and ordinary hard spelter solder; and 
atato of what ingredients each is made and the relative cost. 

What advantages do iron drain pipes offer over glazed 
earthenware socketed pipes ? 

Draw (as nearly as possible to a uniform scale) a pan closet, 
a valve closet, and any closet which is comprised in one piece 
of earthenware. State which you consider to be tbe most 
healthy for usage, and why you prefer one and condemn the 
other. 

State the advantages or disadvantages of a soil pipe fitted by 
way of a finial with any cowl with which you are acquainted. 

Sketch any illuminating gas regulator with whioh you are 
acquainted, and describe its action. 

Cairiage Building. — Or dinary Grade : What tools are used 
by a wheelwright ? and can he procure machines for any part 
of his work, and what sort of machines P 

What are the wings of a porch, and what is their use,, 
whether made of iron or wood P 

Of what use is a wheel plate, or, as it is called also, the fifth 
whool P 

Mention several sorts of filling up, and the advantages of 
each. 

Describe the method of filling up, painting and varnishing, 
and finishing a Victoria body by painters. 

Sketoh two dub ends of au axle bed, one to be oval, the 
other square shaped. 

Honours Grade : Describe a planing machine, and sketch the 
cutter. 

Sketch the hind springs of a parch coach drag, both tho aide 
and top views and back view. 

How would you propose to remedy a rattling glass frome^ 
a noisy door, a wheel plate with imperfect bearings, and 
a vibrating panel P 

Has a Borew-handle brake, or a lever-handle brake, or a 
treadle brake the greatest advantage P What are the objec- 
tions to eaoh that are usually discovered by a coachman in 
using them ? 

Do axles deflect horizontally or laterally P When they are 
liable to this, what remedy do you apply P 

Oarpentry. — Ordinary Grade ; Give a drawing to 1 inch 
scale for a rough centre for a segmental arch, 8 feet wide, 2 
feet 6 inches rise, and 12 inch soffit, also for an elliptic arch of 
I the same dimensions. 

Make a drawing to half moh soole of a Queen^post framed 
principal of a roof to cover a house 34 feet clear of the plates. 
Show dimensions of the severs! timbers and the details of the 
several joints of framings, also the details of ironwork required, 
and state whe^er eaoh timber is in tension or compression. 

Give sections of tbe mouldings in common use and their 
eeverai namee, and distinguish between bead, quirked head» 
returned bead, and etaff be^ . . 
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Fig. 6 . — THE MULK. 


the CMdip g maohine ie reduoed tp the ^eat thread. IDie 
m a ohine eareof two different oharaoterst in one, the thro8ile> the 
twisting and winding are carried out eimoltaneonBly ; in the 
o^er, the mule, the thread is first etretohed, and then the 
twist is imiMurted. This maohine is the glory of the English 
cotton maniifaotiire. Figs. 6 and V represent the mole and 
the throstle, hy means of which Arhwright and Crompton, 
especially the latter, snooeeded in producing yams of sufficient 

strength, although of 
exoeasiTe fineneesand. 
tenuity, to be ei&« 
ployed in the maim* 
f acture of the delioate 
cotton fabrics which 
we know under the 
name of muslins. 

By the old spin- 
niug-wheel only a 
single yam could be 
produced from its 
single spindle, and 
this yarn, though 
strong enough for 
the weft or cross 
threads of a woven 
fabric, was not suit- 
able for the warp or 
long threads, and for 
this linen yam was 
long used by the 
early manufacturers. 
The yam produced 
by Hargreaves' spin- 
ning-jonny was 
neither stronger nor 
better in quality than 

the yarn made by the old spinning-wheel ; but as the number 
of spindles employed was at fibrst eight, and ultimately eighty, 
by *^6 introdnotion of subsequent improvements, a considerable 

saving of labour was 
eff ootod, and the pro- 
duction of cotton 
yarn was oonso- 
quently rendered less 
costly. The great 
fault of the yam pro- 
duced by the spin- 
ning-jenny was its 
want of fineness, but 
a greater degree of 
tenuity was at last 
obtained by Ark- 
wright, in whosfl 
spinning -frame the 
principle of drawing 
out the rove between 
rollers was first in- 
trodnoed. Thisprin" 
oiplo, and the pecu- 
liar oonstmotion of 
the roil-nrs, we have 
already dw'Uribed in 
the previous oaper. 
This drawing cr at- 
tenuating the iove 
between two pairs of 
rollers revolving with 
different degrees o^ 

speed was the essential principle of Arkwright’s original spin. 

, ning-frame, which was set in motion by the application of water 

laid in one of the bobbin barrel, the bobbin must ooar- power, from 'which the yarn it produced obtained the name of 

plete its veirtioal movement up and do^ within 30 seoondi in ** water twist.” In Hargreaves’ spinning-jenny the prindp^ of 
the first case above mention^ and within 60 seconds in the stretching the rove in its passage from one set of spindlee to 
MOb&d case. another had been introduce, and this it will be necessary to 

maddnes by which the yam is finally spun in a cotton bear in mind when we come to speak of the mule, 
mill are analogooe in principle to the maohmes we have Just The transition from Arkwright’s spinniiig-lrame, or water- 
^**trlbed, the features being drawing and twisting, Iqr fraine as it was also called, to the tbrostle-franie was easy 

the oombluai^ ol whidi the riiver whkh originalty came Itom enouidit ^ the letter was mmety an aogmentotioa <n* eztei^ 
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APPLIED MECHANICS..-..XIX. 

BT era bobibt eTawBLL ball, v.a., XiXi.p«t 
Astroacmer-Boysl for Ireland. 

MACHIOTBT USED IN SBINNING OF COTTON 
In our last paper on this subject wo gave a description of the 
bobbin and ^^rame, and the prinoiple on which it acts in 
giving a twist to the 
sliver as it emerges 
from toe rollers. In 
order to illuitiete 
the working of this 
engine let us oon- 
sider an example 
taken from Ore. 

Let it be assumed 
that toe drawing 
rollers deliver in 10 
eeoonds 45 inches of 
roving, and that this 
length receives 80 
twists; toe spindles 
must in oonsequenoe 
make 30 revolutions 
in 10 seconds, and 
toe bobbins must 
turn with such speed 
that they wind up 
the 45 inches in 10 
seconds. The dia- 
meter of the bobbin 
barrel being 1| 
inches, its oironm- 
ferenoe is, of oonrse, 

4| inches, and it 
must make 10 revolntions more in toe same time than the 
epindles. The effective speed of toe bobbins will be thus 30 
10 » 40 turns in 10 seconds* Should toe bobbins increase to 
3 inches diameter 
by toe winding on 
of toe sliver, they 
will take up 9 mohes 
at eaob turn, and 
consequently 45 
inches in 5 turns; 
their speed should, 
therefore, be reduced 
to30-f 5 = 35turaB 
in 10 seconds. In 
general the excess 
in number of reve- 
lations which the 
bobbins must make 
over the spindles is 
inversely as the dia- 
meter of toe bob- 
bins. The speed of 
toe bobbins must 
remain uniform dur- 
ing toe period of 
one ascent or descent 
upon toe spindle, 
must 

At toe instant of 
changing toe direo- 
tion of toe up and 
down motion, be- 
Qeuso a freto range of convolutions then begins with a greater 
diameter. When, tor eiEample, 80 coils of the sliver or rove are 



Fig. 7. — THE THROSTLE. 
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of the fona«r« The principle is entirely the seme, bnt a far 
Kreater number of spindles woe introduced, while the moTo* 
ment of parts was simplified, and the speed of the machine 
increased. By these means a much greater amount of work 
was obtained with no more expenditm of power than was 
neoessaiy to keep the original water-frame in motion. A fine- 
ness of 80 hanks to the pound was attained by the water-frame 
and throstle-frame ; but It has been generally found necessary 
in throstle-spinning to limit the number of h^ks to the pound 
to 40 or 50, because finer yam is not possessed of sufficient 
Bbrength to boar the drag of the bobbin. The throstle-frame 
deriyes its peculiar name from the similarity of the noise it 
makes in working to the singing of the throstle or thrush. 

The mule, or mule- jenny, inronted by Samuel Crompton, was 
BO called bemuse it partook equally of the oharaoterisidoa cd the 
spinning-jenny of Hargreayes and the water-frame of Arkwright. 
The former stretohed the royes, and the latter drew them out 
between rollers to a greater degree of fineness ; but the mule 
did both, first drawing the roye and then stretching it. . This 
produced a greater uniformity in the yam throughout its length, 
and thus rendered the twist more equable. The mule also pos- 
sessed an adyantage oyer the throstle-frame, in being without 
bobbins, the yam bei^ wound on the spindles without being 
subject^ to any strain. The ordinary mule of Crompton re- 
quim an attendant spinner, to return the carriage to the rollers 
^ter the mule has disengaged itself from the parts of the 
maohino by which it has been driyen, when the drawing, 
stretching, and twisting of the thread during a single opera- 
tion of the machinery has been elfooted. The self-acting mule, 
inyented by Mr. Boberts, dispenses with the seryioes of on 
attendant, the carriage being caused to return to the rollers by 
purely mechanical means, cMldren only being required to watch 
the progress of the maohinoa for the purpose of joining threads 
that may haye been accidentally broken in the stretching. 


NOTABLE INVENTIONS AND INVENTORS. 

XX— GLASS-MAKING (conoluM). 

BY JOHN TIHBS. 

The Bohemians were formerly yery celebrated for their exten- 
sive glass works. They imitated the Venetians in their curious 
method of ornamenting glass-ware, which has since become well 
known, and was at one time much in repute in England. In 
making the stems of wine-glasses and goblets, they enclosed 
white and coloured enamel tubes, twisted together with colour- 
less transparent glass. The Venetians also originated the 
modem stylo of glass engraving, which afterwards extended 
through all the glass-making countries of Europe, The first 
specimen was scratched with a diamond, or broken steel file ; 
but the engravings produced by copper and lead wheels on tho 
lathe are far superior. With few exceptions, the design was 
a roughed surface intaglio, which, contrasted with its white 
transparent ground, had a lace-like delicacy of effect, especially 
if improved by traced polished lines occasionally introduced to 
give relief of light and shade. A beautifully engraved vase, 
by a Bohemian artist, was in the possession of the late Mr! 
Pellatt ; the workmanship is more elaborate than even that of 
the Portland vase ; the subject is from Le Brunts painting of 
^ conquest and final overthrow of the Persians, at tho battle 
of ^b^, by Alexander the Great. For depth of workmanship 
and wtistio execution, as a modem intaglio engraving, Mr. 

oonsldered this vase unrivalled. The Venetians and 
. cylindrical drinking-glasses curiously painted 

in ritrifled colours, with coats of arms, called vidrecome. 

Bohemia was the first to emancipate herself from the Vene- 
tian monopoly. Her forests afforded fuel and potash in nbun- 
daiw ; and silex and lime of excellent quaUty were to be found 
m m immediate neighbourhood of her existing works, and 
probably led, in the first instance, to the introduction of an 
improved system into that country. The Bohemian proprietors 
supported tho manufacture, and even embarked in the trade 
themwlves, and by this means they brought into the market a 
ceautifnl article of oommcrco. The Venetian origin of their 
craft is plainly seen in the present day in the reticulated pat- 
tM, the Eastmn form, the taper at^, and the variety of 
ooioiizs. Their colours and engraving, and imitations of preoions 


stones, are likewise very beautiful, bnt still are an imitatbn of 
Venetian art. 

The application of glass to the glaring of windows is com- 
paratively of modmm introduotion, at loMt, in Northern and 
Western Europe. In 672, artists were brought to England 
from abroad, to glaze the windows of the Monastery of Wear- 
month, in Durham : such was the change made in the churches 
by the use of glass, that the unlettered people avowed a belief, 
whioh was handed down as a tradition for many generations, that 
** it was never dark in old Jarrow ohuroh.** In 1567, glazing 
was by no means common in mansions : we read of i^e glass 
casements of Alnwick Castle being taken down during the 
absence of the family to preserve them from aooident. A 
century after, in Scotland, only the upper rooms in the royal 
palaces were furnished with window-glaw. 

Onie first English glass-houses for the manufacture of fine 
glass were those of the Savoy and Crutohed Friars, established 
about the year 1557, when the Friars* Hall was converted into a 
glasshouse for making driuking-veBselB. The finest fiint-glasB 
was made at the Savoy. Plates for looking-glasses and ooach- 
windows were first made in 1670, by VenetiiEui artists, under 
the patronage of the second Duke of Buokin^^iam at Foxhall 
(Vanxhall) ^th great anooess. The works stood on the site of 
Vauxhall Square; some of the finest ** Vanxhall plates ** are to 
be seen in ike Speaker's itate-ooaoh. The Falcon glass-house, 
Holland Street, Blaokfriars Bead, oooupies the site of the tide- 
mill of the old manor of Paris Garden, and has existed more 
than a century. The English manufacturers were, however, 
long inferior to the Venetiim ; for in 1685, nearly a hundred 
years later, Sir Eobert Hansel obtained a monopoly for im- 
porting the fine Venetian drinking-glaBBeB, such as were not 
brought to perfection in England ^ the reign of William III. 
“ Our glass manufacture,** says Mr. Pellatt, “ has since made 
rapid progress, and the white crystal glass-works of England 
inffispntably excel, at this moment (1849), those of any other 
country. The essential and distinguishing qualities of good 
glass are its freedom from specks or strim, and its near re- 
semblance to real crystal in its brilliant, pellucid, refractive, 
and colourless transparency. In all these respects, the pro- 
ductions of tho British glass-houses are at present unrivalled.’* 

The incrustation of figures in glass has been perfected in 
England: by the crystallo-ceramic process, arms, ciphers, 
portraits, and landscapes are enclosed with glass so as to 
become chemioally imperishable ; the less fusible ornaments are 
introduced within tho body of tho glass, while tho latter is hot, 
by whioh means the air is excluded, the incrustation being 
actually incorporated in tho glass; it is of a white, silvery 
appearance, whioh has a superb effect when enclosed in riohly- 
out glass. Oasts of medals and coins, and inscription plates, are 
thus inorusted for ages to come. Casting glass by machinery 
has been introduced into England from the United States of 
America, and ornamental skylights are moulded in strong flint- 
glass. 

Wo now proceed to describe briefly the detaUs of glass 
manufacture. It is important to boar in mind that tho basis of 
glass, at all times and in all oountries, is tiie same — silex or 
flint, and alkali, two apparently opaque bodies, whioh by fusion 
become transparent. There are five distinot kinds of glass: 
(1) Flint-glass, as crystal; (2) crown-glass, or German sheet 
gloss ; (3) broad glass, or common window-glass ; (4) bottle or 
common green gl^s; (6) plate-glass. The silex now used in 
Great Britain for glass-making, is that of sea-sand; the port of 
Lynn, in Norfolk, and Alum Bay, in the Isle of Wight, having 
long furnished the greater portion of the silex. Flint-glass 
derives its name from flints, oaloined'and ground, having been 
formerly need for it. The alkali employed for making flint- 
glass is pearl-ash. Barilla, kelp, and wood-ashes are used for 
inferior kinds of glass ; ^e impurities even assist towards 
fusing the silex. Ooarse alkaline substances all contain iron in 
some degree, and to the presence of this metal is owing the 
green oolour of common glass. The alkali acts as a flux, and 
facilitates the vitrification of the earthy particles, whioh sepa- 
rately are unvitrifiable ; and gives to them a pliability when hot, 
whioh admits of their being blown, wrought, extended, and 
even hammered. It is remarkable that the glass found by 
Mr. Layord at Nineveh, now in the British Haaeum, bears 
the marks of having besn turned, a prooess which, though 
possible, is seldom attempted by modem artists, th^h the 

* 
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appHoaiion of tlue giindlnff tool, iBxed op a lathe, apprbaohea to 
thepraotioe. 

FHut^gloiB is the most biilliant, and the heayiest, owing to 
the ladvo quantity of oxide of lead iHiioh it contains, the 
greater density whioh it imparts to glass giving a greater power 
of reftaoiing the rays of light, and hence ite importance for 
optioal purposes. Manganese (glan ioa^) olears the glass of 
all ooloiuiag matter ; and nitre, in a small proportion, is nsed. 
The importanoe of lead is well understood in England, and 
to the attention paid to its preparation and quality is largely 
dne the exoellenoe of British flintiglass. The oxide is mininm 
or litharge. Plint-glaas, of not less than the uanal denaiiy of 
8*200, well polished by the hqi^idaryi is considered the nearest 
approach to the diamond. 

The ingredients, being mixed, are put into the cruoibles, or 
pots, previously placed in the furnace. Very strong and long 
con^ued heat is necessary, not only for the perfect fusion and 
amalgamation of the materials, but also for the discharge of the 
impurities whioh they oontain. When these have been thrown 
off, and the glass, or metal, appears oolourless and transluoent, 
the vitiifioation ia known to be complete. The temperature of 
the fumaoe ia then lowered, until the glass is less fluid, and of 
a pasty qharaoter, suffioiently consistent to be tenacious, but 
soft enough to yield to the sUghtest pressure without oraoking 
or losing its tenacity. This vitrification usually oooupiea about 
forty-eiglit hours ; and you see fashioned flint-glass, a substance 
proverbially brittle, blown with the human breath, pulled, 
twisted, out, and then joined again with the greateat facility. 
The tools with whioh all these operations are performed are of 
the most inartificial desoription, and do not appear to have 
received any improvement from the earliest records of the 
manufacture. 

Glass of every kind would be so brittle as to oraok and break 
at every oomparatively small variation of temperature, if it 
were not subjected, immediately after it is fashioned, to anneal- 
ing, that is, heating before the point at whioh it softens ; the 
glass being gradually removed fiom the hotter to the cooler 
parts of the fumaoe. 

Crown-glass is the best description of window-glass, with- 
out any mixture of metallio oxide, and is made by blowing in 
circular plates. Broad-glass ia an inferior kind of window-glus, 
made with a oheaper kind of alkali. 

Bottle-glass is of still inferior quality. It is hardly possible 
to convey a correct idea of the manipulation of a bottle of the 
simplest form. Tlie tools used are an iron tube, about five feet 
in length ; a few instruments like shears, and stamps with a 
Btrawberry-shaped die. The workman first dips the end of the 
tube into the pot of molten glass, twisting it round so as to take 
up enough glass for the required bottle ; after a few turns of 
the rod, and a breathing or two into it, a hollow ball appears 
at the end, whioh ia shaped by the shear-like instrument as 
it is rotated on the glass-maker’s chair, and apontil is then 
attached opposite to the tube, whioh is next broken off. By 
re-beating in the fumaoe, the mouth of the bottle is formed ; a 
boy then brings up on the end of a rod a small portion of mby, 
aqua marina, or any colour required to ornament the bottle. 
With this he touches the neck of the bottle whioh is rotated in 
the chair by the glass-blower. Between these rings little lumps 
of coloured glass are then stuck on, and stamped as strawberries 
with the die, During this operation the bottle has to be 
several times introduced into the fumaoe. Lastly, the finished 
bottle is annealed. 

Newcastle has always been celebrated for its glass bottles, 
and since 1845 the produce has increased fourfold. During 
1862, there were 47 bottle-houses in operation on the banks of 
the '!ll^e, the Wear, and the Tees, and their produce was about 
4,280,000 dozen. 

Plate-glass was first oast in Gbeat Britain in 1773, when a 
company established works upon a large scale at Bawenhead, 
near Preaoot, in Lancashire, which are still in operation. Plate- 
glass is also blown. The ingredients are the purest and whitest 
sand, and soda produced by the decomposition of common, salt 
and lime ; mangimeae and oxide of cobalt being added for dis- 
charging the colour ; and a large proportion of broken plate- 
glass, or euUet, is ua^. When the materials are reduced in tiia 
fhmaoe to the proper state of fusion and vittifioation, the glsas 
is traaafetred bom the melting-pot to a large vessel oaUed the 
cuvette, mod allowed to ramaia some hours in the furnace, to rid 


it of air. The ouvette ia then withdrawn from the fumaoe, and 
raised and suspended by a orane, while the contents flow out, 
and are distributed upon the table by a roller. The casting of 
large plates of glass is one of the most beautiful processes in 
the arte ; the large maes of melted glaes, rendered luminous by 
heat, wHoh ie poured forth, exhibits changing odours after 
the roller has passed over it. This operation* is conducted with 
celerity and in silence. The plates are then placed upon the 
floor of the annealing-oven, the door is dosed, and its crevices 
are stopped, to msure the gradual coding of the plates, which 
usually takes a fortnight. The plates ore then withdrawn, 
squar^, and ground and pdished by steam-machinery. The 
plates are sometimes of very large size. In August, 1671, a 
plate of glass, measuring 100 superficial feet, underwent l^e 
process of silvering at the works of Pratt and Co., Peaseley 
Cross, St. Helen’s. This is said to be the largest mirror ever 
turned out of any establishment in Lancashire, and, with one 
or two exceptions, the largest ever done in England. The 
silvering was accomplished by a new process, by whioh the 
mirror was completed in about forty hours, instead of occupying 
ten days. 

Bough plate-glass, not transparent, is made by Hartley’s 
patent, by ladling rough glass directly on to a hot table near 
melting-pot, in place of carrying it as heretofore out of the 
refining-pot to a cold table at some distance from the furnace. 
By this means rough plate-glass is made in minutes, instead of 
hours or days ; and in patterns stamped by the table, which is* 
BO hot as to keep the glass molten, so that one ladle-full can 
be added to another, and imperceptibly joined to it, thus admit- 
ting of the formation of plates of any size. One glass firm is 
stated to have expended iB25,000 in vainly endeavouring to nso 
the ladle and to draw the table close to the rough melting-pot. 

Malleable Glass. — M. Poligot has called attention to this new 
fact — that he has discovered the devitrification of a piece of St. 
Gobain glass, prepared a long time ago by M. Pebouze; the 
glass had lost its transparency, but not its density. Placed in 
a drawer, the piece of glass, supported by one extremity, was 
found after some days curved under its own weight, it having 
become a malleable glass ; the surface also was covered with 
effloreBoenoo. Pliny speaks of a glass that could be bent and 
unbent ; and the story goes that Biohelieu ordered an inventor 
to be put to death for proposing to divulge a process for making 
malleablo glass. 

Bolvhle Glass and Water Glass are the names given to soluble 
silicate of soda, which, in contact with lime, ooDsolidatos, and 
is partly converted into silicate of lime. Silicate of soda not 
only consolidates, but oombines with porous sandstone or lime- 
stone, forming a compact mass of flinty hardness impervious to 
atmosphorio i^uenoe. The soluble silioate has also been em- 
ployed as a protecting varnish for out-door fresoo-paintings in 
Berlin. 

Soluble glass is described by M. Sauzay as obtained by molt- 
ing in a refraotory oruoible a mixture of ten parts of potash, 
fifteen parts of quartz finely pulverised, and one part of char- 
coal powder. 'V^en it is melted, the glass is oast ; it is after- 
wards pulverised and treated with four or five times its weight 
of boiling water. A solution is thus obtained whioh, appUed 
to other bodies, dries rapidly in contact with the air. 

Glass-working, in its simpler adaptations, is of easy acquisi- 
tion. Even cold glass may be worked with a facility known to 
few. It may be drilled in holes by the common watchmaker’s 
drill-stock. A steel drill, of good quality, well hardened, will 
do the work perfectly ; and should the ^ge of the tool give 
way before tbe hole is pierced through, a little emery powder 
and oil will remove any diifioulty ; or, with the help of these, 
the hole may bo bored with a copper driU. Not only so — glass 
may even be turned with a lathe. 

The delicacy and accuracy of the chronometer require the aid 
of glass ; while the common green bottle-glass can be manufac- 
tured cheap enough for oaating oondnit pipes, for chemical uses, 
or water-supply. No chemical test is so delicate as a mass of 
fused flint-glMS ; it will detect the presence of metallic colouring 
matter, especially iron, though ibe most carefully conducted 
analysis may fail in discovering the slightest trace of it. Josiah 
Wedgwood f^und that part of gold would give a rose- 
coloured tint iio flint-glass. (See Pellatt's “Curiosities of Glass- 
making,’' with details of prooesses and produotionSi coloured 
fUustiations, small quarto, 1849.) 
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TECHNICAL DEAWINO.— XLV. 

DBAWXKG FOB XASOKS. 

Fia. 414 is the eleratiion of « eemi-oyliJider aaroh, the pleiiee ol 
^hioh are TertioaUy parallel, and at right eaglet to the aadt. Ko 
difficulty will be experienced in dxaw^g this figure, tiie form of 
the arch under these oonditione being a temioirole, the jointt d 
the TonsBoirs converging to the oent^ 

Fig. 415 is the plan of the whole etruoture. 

Fig. 416 is the sectional elevation, caused by a plane standing 
on the axis in the plan, thus giving a complete section of the 


forms a most easy step. This system— >if, indeed, anything so 
simple can be called a system — ^is much used on tlm Oontiximit, 
and at once recommends itself to working men from the ease 
with which solidity is given to otherwise flat elevations. To 
speak of ihettry is out of the question $ the best teaching will 
therefore consist in the practice. 

Fig. 418. — Let a 5 c d be a correct copy of the end elevation 
of the keystone, as in Fig. 414, the arc ob being struck with the 
radius of the arch o a, and the sides of the vonssoir being pro- 
duoed to 0 , so as to form a complete we^. 

Now, placing the T-square so that its cross end may work 


keystone, and leaving the intrados of the arch in elevation. against the left side of the drawing-board, draw the lines e <f 
Fig. 417. — This figixre is a development of the intrados of the a^ d d! by means of the set-square of 45**, set off on d and c the 
The student is reminded that to obtain this, the entire j real depth of the block by scale, and Join tf d\ 



ourvo must be divided into a number of parts, and these set off 
along a straight line. 

Another important lesson is, however, given in this — ^vis,, the 
method of obtaining the exact shape of the templete for the 
sides of the various voussoirs — a matter of very great importance 
in stone-cutting^aoh laid down flat on the line at wl^ch it 
would meet the intrados. 

Having found this place a* measure the exact length of 
the side of the voussoir in the elevation, vis., a e (the line 
common to the keystone and the first voussoir), and set off this 
length on the plan from a' — vis., a* e * — and draw d (f* i then the 
rectangle a! or c** c* is the shape of the templet requic^ for the 
two sides of the keystone a, and one side of the voussoirs B, s } 
the templets for the other voussoirs are obtained in the same 
manner. 

Figs. 418, 419, 420, and 421 are simply prpjsotions of the 
various vonssoini. These are delineated by a method evensiaq^ 
than isometdcal projeetton, to whidi study piaotios such as this 


Find e, the middle of o' and from e draw a perpendicular. 

From 0 draw a line parallel to A df — vis., o s', l^w s' s', cT e[ 
which will give the di^nt end of the wedge. 

From s', with radius o a, describe the arc a' V, This will 
complete the keystone. 

The other voussoirs (Figs. 419, 420, and 421) are delineated 
in the same manner, s^ will be ea^y understood from the 
plate. 

The examples next given form appHoations of the previous 
lesson, and give the principles of the lines oonoemed in a 
groined roof ^led, in Frencfii, voUte Sti arc ds elottro. 

Fig. 422 is the plan of an oblong chamber, Fig. 423 (a b o) is 
the transverse and Fig. 424 (a' sr cO the longitudinal section, 
the section at the groin being titown on one of the diagonals. 

It willbe8eenihattlieextradosinFig.428iseooentHo. The 
method of drawing this has atesady bsmn given in previous 
lessons. 

Tim points of divititm of timtoutiKM (F,G,a[,S1f;4B8) haviag 




XBOHmOAIi D&AW1N0. 


841 


beanptcijeoMoiiiftM dkgonal of the plaai, tUl, /, p, h» »»d from 
ibeie to the kmgitadinel ■eetio^ vis., o', eto.» the next 
prooeee ie to iiiid the joints in this semi«eUiptioel etoh. 

For this purpose it is aeoessaiy to ibd the /od of the eeni^ 
eUipse. 


From the points/', p', V, V in the eactredos of Fig. 428, draw 
hnes paralld to ^ base-line, and cutting the line x t in 
1, a, 8. 4. 

From X, with ladins x 1, x 2, x 8, X 4i describe qnadranta, 
ontting the l^e w x in 1', 2,' 3', 4*. 



x' o' is the long diameter, and o b' is half of the short 
diameter. 

From s' (the extremity of the short diameter), with the 
length o jkf (half of the long diameter), describe arcs, cutting 
o' in F, V, the foci cf the ellipse. 

both fod draw Unes to each of tiie points of division, 
M shown at o'', and bisect the angles thus fomed. The bisect- 
ing lines wiQ be the required jointsr 
Now, to terminate these hy the extrados, produce the base- 
hnea cf Fig. 488 and 1%. 484, intscaeoUng each other In x, end 
fanning the rii^ angU w X T. 


From these points draw lines parallel to the base-line of the 
longitudinal section, which, cutting the lines forming the 
divisions of the voussoirs, will give the points through wluoh 
the extrados is to be drawn. 

In making these drawings, as in making all drawings of a 
similar character, great att^tion must be paid to eorreotnesa 
of detail and general manipulation, as we have often urged 
before. Althonii^ the repetition of this caution inav be n^- 
lesB foi some, it is applicable to a great many. A ungle error 
of trifling magnitude may render many hours M labour abortiv<^ 
and it is to guard against this that we repeat our caution. 
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PRINCIPLES OF DESIGN.— XXIL 

BT OHBXBTOPHBB DBB88XB, PH.D., P.L.8., XTO. 

POTTEET AND HOLLOW VESSELS. 

In this oliapter I hare to oommenoe ottr consideration of 
pottery, and of hollow vessels especially ; and this I do with 
oonsideriible pleasure, as works in pottery enjoy a longer exist- 
enoe, though, through the oharaot^ of the material of which 
they are made, they are more fragile than those formed of 
almost any other substance. Many works of Ghreek pottery 
are known to us, and not a few snoh works by the ancient 
Egyptians, and these are preserved not as fragments merely, 
but as works in their entirety, and with the same beauty that 
they possessed when first they loft the hands of the potter. 

Clay is a most desirable material with which to form works 
of utility and of beauty, and this for many reasons. First, it is 
so inexpensive, as to be almost valueless ; secondly, it is easily 
formed into vessels of almost any required shape ; thirdly, it is 
capable of being ** worked ” into shapes of great beauty by a 
momentary exercise of skill ; fourthly, clay is naturally of many 
beautiful colours ; fifthly, it is capable of receiving by applica- 
tion to its surface any amount of colour, and of preserving such 
colours as are applied to it in an unimpaired state for ages ; and 
sixthly, it is susceptible of the highest art-finish, or the bold 
sketohy touch of the modeller’s hand. I say that clay is a very 
desirable material for the formation into vessels of various 
lands, because of its inexpensive character. This quality of 
cheapness gives to the material an advantage over many other 
substances of a much more costly character, such as should not 
bo overlooked, for the long existence which so many works of 
earthenware have had is mainly due to the worthlessness of the 
material of which they are composed. In my first chapter 1 
gave an extract from the writings of Professor George Wilson, 
showing that gold and silver, w^e beautiful in themselves, and ; 
worthy to be fashioned into exquisite devices, are yet too tempt- j 
ing to the thief, and to all who are pressed for means, to remain 
long in the form of art- works. Families who have been reduced 
in oiroumstanoos, and have thereby been constrained to part 
with their old plate, have melted it, so as to hide their shame. 
To illustrate this, let me quote from the “ Handbook of the 
Arts of the Middle Ages and Benaissanoe, os applied to the 
Decoration of Furniture, Arms, Jewels, etc., translated from the 
French of M. Jules Labarte, 1856.” After giving the names 
of many workers in the precious metals, the au^or says : — 

‘‘ Wo may form some idea of what artists these Italian gold- 
smiths wore of the fourteenth, fifteenth, and sixteenth centuries, 
and what admirable works they must have produced. But, 
alas ! these noble works have almost all perished ; their 
artistic worth proving no safeguard against cupidity or neces- 
sity, the fear of pillage, or the love of change. But a very few 
names even of those skilled artists have descended to us, and 
in making known those preserved to us in the writings of 
Vasari, Benvenuto Cellini, and others, we can rarely point out 
any of their works as being still in existence. 

Cellini tells us that while Pope Clement VII. was besieged 
in the castle of St. Angelo, he received orders to unset all the 
precious stones that were upon the tiaras, the sacred vessels, 
and the jewels of the sovereign pontiff ; and to melt down the 
gold, of which he obtained 200 pounds. How many artistic 
treasures must have perished in crucible of Oelli^.” We 
now see clearly that while clay is a much more fragile material 
ilian either silver or gold, that its very worthlessness, deq;>ite 
its fragility, gives to it length of years. 

We have said that day is easily formed into vessels of 
almost any required shape. This is so within certain limits. 
Throughout these chapters I have lost no opportunity of insist- 
ing upon the importanoe of working any material in a batting 
numner, and in the most simple and easy manner in which the 
material can be wrought. Ahnost every material can be rimply 
” worked ” in eome way, or while in some pertioular condition. 

Glass has a molten state in which it can be ** blown ” into 
the most beautiful of shapes, and this process of blowing is the 
work of but a few ■eoonds. Glass has also a solid condition, yet i 
as it can be forated into worice of great beauty by the exerciee i 
of momentary skill, it would be extremely fooli^ totake a mass 
of the solid glass, and by laborious grinding form it into a bottie 
or a bowl. It fortunately happens that if a material it worked 
in its most befitting manner, the restfite obtihified are more ! 


beautiful and eatisfying than thoee which are arrived at by any 
roundabout metiiod of production. GIsm should be formed into 
hollow veesels only when in Ite plastic condition, for it cannot 
be shaped into the form of such vessels as we require when in 
its solid state without the expenditure of much unneoeeeary, 
therefore wasteful, labour. But if a mass of crystal or marble 
must assume the form of a bowl or font, then the laborious 
process of grinding must be resorted to, for these substances 
have no phmtio sti^. 

The potter’s wheel hae been known from the earliest historic 
time, and this has at all times been the instrument with which 
the beet earthen vessels have been formed. A mass of clay of 
suitable sise is placed on a horisontal disc of wood, to which a 
rotary motion is imparted. The operator preeees hie thumbs 
into the centre of the clay, and then by causing his fingers to 
approach his thumbs, manipulates the clay into a cup, a bowl, 
a vase, an earthen bottie, or whatever form he may please ; and 
if skilful, the operator oan form objects of marvellous b^uty 
with a rapidity that astonishes aU who see his mode of working 
for the fiii^ time. 

If potters would but content themselves, in order to the pro- 
duction of such articles as we require in common life, with the 
** potter’s wheel,” we should be a^ost sure of a certain amount 
of beauty in domestic earthenware, but such is not the case. 
They make fancy moulds of plaster of Paris and of wire gauze, 
and roll ont clay as the past^cook does dough, and manipulate 
it as so much pie-crust, inst^ of applying to it simple skill. 
Neither a bowl nor a plate need have a aofdloped edg^e, indeed 
they are much better without it ; and if unnecessary, and even 
I undesirable, absurdities wore avoided, and a simple and natural 
method of working each material alone employed, a great im- 
provement in art would speedily take place. 

It is strange but tme, that the worker in one material seems 
rarely to be satisfied with making his works lOok as well and as 
consistent as possible ; he desires rather to form poor imitations 
of something else. We have all seen earthen jugs made in 
imitation of wicker-work, although to do to is obviously foolish, 
as no wicker vessel oonld hold water, and the thing imitated is 
much less beautiful than a thousand forms whioh clay is capable 
of assuming. Men’s heads without brains are, or were at 
least, favourite jugs. Well, there are many models for this 
idea in Nature I doubt not ; yet why we should copy them by 
making a jug in the form of a hoUow head, I know nol I 
have in my possession a milk-jug, suoh as is common in the 
district of Swansea in South Wales, in the likeness of a cow. 
The tail is twisted into a handle ; by a hole in the back the 
milk is admitted, and through the month it is oj^ted. A 
more wretched and coarse idea it is soaroely possible to con- 
ceive of, yet many admire my jug. Let us wmrk the material 
in a simple and befitting manner, and satisfactory results are 
almost sure to aoorue. I have said that olay, as su^, has many 
beautiful oolours. Naturally olay is black, grey-white, red, 
brown, and yellow, and it is capable of assuming many desir- 
able tints by the agency of chemical means. We do not use 
coloured clays as much as we should do. We want so much 
white — everything to look so clean. All ornamental ware, at 
least, should be artistic, and the art-effect should supersede that 
cold whiteness which the Dutch and the English mistake for 
cleanliness. A olay of good natural colour is not a thing to be 
hidden nor ashamed of. 

Olay is capable, when glased, of receiving any amount of 
colour, and of preserving these oolours in their beauty for 
almost any length of time. These qualities are invaluable to 
^e omamentist. Colour is not always at bis disposaL The 
goldsmith has difilonlty in getting it, but to the potter it is 
very aooessible. Coloiir is oapri>le of giving to obje^ a charm 
whioh th^ could not possibly have wi&out it. Let us use the 
power thus placed at our dispoeal rightly and well, and then 
&e enduring character of the cedour-harmonies whioh we pro- 
duce may gladden our poateri^ in agea yet to oome. Is this, 
really, too much to hope for P 

Clay is susceptible of the highest art*finirii, or of a bold 
sketchy treatment. Finish is very desirable in some cases. 
The cup which my lady i& ^ boudoir should be delicate 
and fine, for what is worthy to s^pxoaoh her lips but suoh 
work as is tender and refined P 

As a rule, however, we over-estimate the value of finish, and 
undervalue bold arirrifeots. Excessive finish often (but by no 
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means always) destroys art«effect. I haTe before me some 
speoimens of Japanese earthenware, whioh are formed of a 
coarse dark-brown deji and are to a great extent withont that 
finish whioh most Europeans appear so mnoh to TalnS) yet these 
are artistio and beant^ol. In the case of cheap goods we spend 
time in getting smoothness of surface, while ^e Japanese de- 
Tote it to the prodnotion of an art*effeoit. We get finish with- 
out art, they prefer art withont finish. 

Wo shall have to consider ** form in the next chapter, and 
in it I intend to introduce a series of shapes of vases, such 
as we shall have to carefully study. 


ELECTRICAL ENGINEERING.-~XXVIIL 

BY BDWASD ▲. o’kBBFFS, B.B., A.B.T.B., 
Demonstrator in Eleetriosl Bngineering, City and Quilds of London 
Techhiool OoUege, Finsbury. 


USB OF AOCUMULATOBS FOB LIGHTIKG-^APPASATUS 
USBD WITH THBM. 

In any system of lighting it is a matter of primary importance 
that there should exist a feeling of security, amounting almost 
to a certainty, that no accident shall occur which would result 
in the extinction of the light. Such an accident is guarded 
against in the case of lighting with gas by having a reservoir 
or gasometer capable of holding a supply of gas sufficient to 
meet any demand likely to be made upon it. In the case of 
oleotric lighting suoh a reservoir in the same sense cannot 
exist. Eleotricity, unlike gas, is not a substance, and therefore 
cannot be stored in the same manner ; being a form of energy it 
oan be made to do work on a snbstance, and to so change its 
state as to render it capable of giving out an equivalent amount 
of work when required. The case is analogous to that of ex- 
pending energy in winding up the spring of a clock, whioh 
energy is subsequently expended by the spring in keeping the 
clock going. The accumulator is a reservoir in the same sense as 
the clock spring $ it is not so efficient, but its action is similar. 

A distinct prejudice prevails— and not without a certain 
amount of justice*— against any system of lighting whioh de- 
pends for its existence on the confidence that oan be placed in 
machinery in motion. Some moving part may at any moment 
go wrong, and a district be consequently left in complete dark- 
ness till the damage has been repaired. But though no abso- 
lute certainty can be had that machinery in motion will not 
break down, how seldom does It happen — for example — that 
an ordinary loooxnotive engine refuses to do its du^ P And 
yet a locomotive is far more complicated than any machine 
used in an electric light installation. The same attention to 
detail has not been paid in electric lighting as in other branches 
of engineering, and it is to this fact alone that the failures of 
some of the earlier attempts at central statiou lighting, and 
some of the want of oonfidenoe whioh these produced, must be 
attributed. Some form of reservoir is required, and the accu- 
mulator 18 the one thing that supplies the demand, while, on 
the other hand, its expense restricts its use. No system of 
central station lighting employing accumulators on a large 
scale has been what oan be oall^ commercially successful ; but 
for isolated installations and lighting over small areas, they 
have rendered and still render splendid service. 

Accumulators play two distinct parts in an electric light 
installation 

1. They act as regulators for keeping the current supplied 
to the lamps constant 

2. They act as reservoirs for suppljing current to the lamps 
when the dynamo is not running. 

An isolated installatiou of electric light where accumulators 
^ not used can never be thoroughly depended upon. Any 
irregularity in the running of the engine prepuces a oorrospond- 
ing irregularity in the briSianoy of the lamps, and when a slaw- 
speed engine is used it is even possible to count its revolutions 
by the slight fiickering of the lamps at each stroke of the 
piston. In such a sitnation it does not always pay to employ 
skilled labour, and in suoh circumstances the risk of a break- 
down is greatly increased, while the chance of rjapairing the 
damage expeditioiisly is but small. The emplojrment of accu- 
mulators in swdi a oaie amounts almost to a necessity, whilst 


they give the additional advantage that the machinery need 
only be run during the day, or in the ordinary working hours, 
or at any odd time when it may he fouiid oonvenient to run it. 
Again, when but a few lights are required it w<mld be absurd to 
obliged to run an engine and dynamo for supplying as much 
light as could be got from half-a-dosen gas burners, yet if 
accumulators are not used it would be neoessaay to do so : the 
same amount of light could be got from ^e accumulators at 
any time, day or night, without seriously aifeoting the total 
charge stered up in them. They oan be discharged at any rate, 
from one ampere up to the maximum charging current, and 
they are thus in a posirion to meet any sudden demand, how» 
ever great— within those limits — that oan be made upon them. 
Their efficiency is not the same for all rates of disohaige, 
though it does not greatly alter, owing to the fact that the 
internal resistance decreases with the amount of current pass- 
ing ; it is, however, found that for stationary installation work 
the most eoonomioal rate of discharge is that whioh will com- 
pletely discharge them In about ten hours, while for other 
kinds of work — such as for tram-cars, electric launches, etc. — 
a higher rate whioh will discharge them in about six hours is 
advisable. In small installation work, however, the question 
of efficiency is one of but minor importonoe as compared with 
that of absolute trustworthiness and convenience. For central 
station work efficiency is a necessity, but for small installation 
work it dwindles into comparative insignificance when the other 
items of expenditure aro taken into account. Where waterpower 
oan be proonred free of cost, the question of efficiency vanishes 
excepting in the part which it plays in depreciation of stock. 

The following lists contain all the necessary particulars 
respecting the aooumulatora of the E.P.S. and Drake and 
Gorham Companies. 


Table oiving PAHTicuLAiie of Drake and Gorham’s 




Accumulators. 





WORKIKO 

lUTR. 

Charge 

in 

Amp., 


Externa R 

DlKXNSlOXM, 

n| 


Amount 
of Acid 
required 
rcetl 
(In i>ana 
of a 

carboy). 

0 5 

3 to 5 

14 


in. 

7 

lbs. 

5 

•008 

0 7 

5 „ 6 

21 


7 

7 

■01 

8 7 

0 p, 8 

60 


14 

32 

•05 

S 11 

7 „ 12 

80 


14 

45 

•06 

8 15 

8 „ 13 

110 


14 

55 

•08 

8 19 

9 „ 14 

140 


14 

65 

•10 

8 23 

15 „ 23 

170 


14 

80 

•12J 

L 5 

7 „ 9 

100 


18 

78 

•3 

L 7 

10 „ 12 

140 


18 

90 

•28 

L 11 

14 „ 18 

240 


18 

115 

•38 

L 15 

20 „ 25 

340 


18 

132 

•45 

L 23 

32 „ 37 

540 


18 

187 

•55 

L 31 

44 „ 50 

700 


18 

244 

•78 


A carboy contains alKmt nine gallons. 


Table oivino particulars of E.P.S. Accumulators 
OK Secondary Batteries. 

L Tifpe,--For LighMng and General Purposes* 


DxsoaiPTioK 
or okll. 


WORKINO 

lUTE. 


! Oapa- 

I CITY. 


Apphoxiuate 

jaXTSUVAh 

Dimeksxovh. 


Weight. 


No. Mate- 
of rial of 
PlatCK. Box. 


Charge, 

AlUlMt. 


T)l»- 
cliarge, 
Am pa. 


Cell 

complete, 
with Acid, 
about 


Teak 

10 to 13 1 to 13 

180 

18 

Glass 

.10 „ 13 

180 

Hi 

Teak 

10 „ 22 

280 

18 

Gloss 

16 „ 22 

880 

Hi 

Teak 

25 ,, 30 

330 

18 

Gloss 

25 „ 80 

880 

Hi 

Teak 

38 „ 46 

500 

18 

Glass 

88 „ 46 

500 

ni 

Teak 

50 „ 60 

660 

IS 

Glass 

50 „ 60 

660 

Hi 


lbs. 


74 


107 

101 

148 

188 

888 

811 

886 

865 
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From those lists the type sad number of soenmnktors 
necessary for any installation oan be at onoe seleoted. The 
S.M.F. is the same for every type* bat the number of amperes 
that each oan supply depmds opon ^ area of the plates. 
The type depends entirely upon the mayimmn current required, 
and oan th^ore be seleoted at onoe, while the numbw de- 
pends only upon the Tcdtage of the Isrups used. A praotioal 
rule for the number of aooumulatoie reqidred for any installa- 
tion is this : consider each accumulator to have an b.m.f. of 
2 Tolts, the oella to be connected in series, and allow 6 per 
cent, extra. For an installation in which 100 volt lamps 
were used it would be necessary to have fifty aocumulatore in 
series, and three extra cmes in reserve. 

The case often arises in which an installation having been 
saocessfuHy run by aoonmnlators of the smaller capacities, 
it is desir^ to increase the number of lights oonsiderably 
beyond the scope of the already existing aocumulators. It 
now becomes a question of either entirely replacing the 
existing aooumulators by a new set of the larger type, or of 
adding to the old ones an equal number of new onee of the 
same type and connected in parallel with them. The first 
method is undoubtedly the better, bnt it is so yery expensive, 
that unless the old aocumulators are nearly worn out it is 
seldom advisable to adopt this course. The second method is | 
more usually adopted, and the capacity of the aocumulators , 
is thereby doubled, while the b.u.f. remains the same. The I 
aocumnlators should be joined up in two rows — each row I 
consisting of half the aocumulators connected in series>-and 
the two rows finally joined in paralleL The current is then 
fairly equally distributed between the two rows, and if any 
single accumulator gets short-oirouited, it becomes useless 
itself, but no damage is done to any of the others. 

Aocumulators used as regulators need not have any great 
capacity. Common lead plates, or grids that haye had their 
capacity reduced by losing most of the paste, will answer quite 
as well as the best form of aooumulator : provided their in- 
ternal resistance is sufficiently low, they oan always supply 
for a short time sufficient current to make amends for the 
irregularity in the running of the dynamo, and even should a 
complete breakdown ooour, they may have sufficient capacity to 
run the lights while the damage is being pot right. Their 
regulating property depends upon the fact that their b.k.f. is 
the same as that of ordinary aocumulators, while they possess 
the power of giving a very heavy discharge for a short time 
without sustaining any serious injury ; containing no loose 
paste, they oan only be short-oirouited by the buckling of the 
plates, and though they have a very small capacity they oan, | 
without ipjury, send a far stronger current than a paste aeon- | 
mulator of the same size. ! 

Aoonmnlators should always be charged in series, so that I 
the same current flows through each oell ; and the dynamo 
used for charging them should be shunt-wound, and specified 
to have an b.m.f. 20 per oent. above that of all the accumu- 
lators in series. If a series machine were need the polarity of 
its field-magnets would become reversed by an accidental dis- 
charge back of the aoonmnlators. Such an aeoident would oocnr 
if the dynamo stopped before the aoonmnlators were switched off, 
or if the dynamo speed fell so low that the b.h.f. of the aocu- 
mnlators became greater than that of the dynamo ; either of 
these accidents would reverse the polarity of the field-magnets, 
and when the machine again starM mnning the current would 
be sent in the wrong direction riirongh the accumulators. This 
current would first completely discharge them, and then start 
converting the grey into brown plates and the brown into 
grey. T)^ reversal of the current would probably resnlt in 
the bnokUng and snlphating of the original grey plates. The 
grey plates are not made as thick as the brown ones, and 
they are oonsequently less able to resist the bnokling st^ns. 
Shonld bnekling oommenoe, the plates may be prevented from 
tonohing by inserting one of the forked celluloid separators 
where ^e tendenpy shows itsdf, but the cause should be re- 
moved as soon as possible. When a shnnt-wonnd machine is 
used no sneh accident oan possibly ocour, since, if a baok dis- 
oharge did take place, the field-magnets would only be more 
strongly magnetiMd than before, bnt in the same direction. 
Snob a discharge, however, might seriously iz^ure the aocn- 
mulators, since it would send a far stronger current than 
they were ever intended to send, which might leave them fits* 


a 

charged and exposed to the 8ii^>lMitiiif aotiou till the dynamo 
again started. 

To avoid the possibili^ of the aoonmnlatore diwdiarging 
baok through the dynamo soine automatie anuagenient should 
be employed, whioh would break the eirenit as soon as the 
B.X.F. of the dynamo fell to that of the aooumnlators. Snob 
an anangement, oonstruoted for uee with largar currente, ia 
illustrated in Fig. 64, and is need by the S.F.&L Company, It 



Fig. 64.— AUTOMATIC SWITCH. 


is automatic both ways, t.s., it completes drouit as soon 
as the E.M.F. of the dynamo has risen above that of the aeon- 
mnlators by a pre-determined amount whioh oan be adjusted, 
and it breaks the circuit when the dynamo b.m.f. is equal to 
that of the aooumnlators — that is, when no current is passing. 
It contains a heavy horseshoe magnet fixed vertically with its 
poles turned down, the poles being expanded into reotangular 
iron blocks, as seen in Fig. 64. To the centre of this magnet 
is fixed a tongne capable of vibrating between the polos, and of 
closing the main drouit when it ip in contact with the right- 
hand one, by the device shown in the lower part of the figure ; 
it is, however, kept pressed against the left-hand pole by the 
aotion of a spiral spring, which oan be adjusted so as to exert 
any desired force. On the tongne is wound a fine wire ooil, 
wMoh acts as a high resistance shunt circuit, and whioh is in 
parallel with two* other fine wire coils, one on each leg of the 
magnet. When the b.m.f. of the dynamo exceeds that of the 
aoonmnlators by the desired amount, the small current passing 
round the tongne converts it into an deotro-magnet, which is 
repeUed by the leftband pole and attracted by the righthand 
one. When this force is suffident to overcome the oontraoting 
force of the spring, the tongne flies over and completes the 
oironit. At the instant of completing the main drouit the 
fine wire circuit round the legs of the magnet is broken, and 
its place taken by a thick wire oironit, through whioh the whole 
of the main current flows. The tongne is tlierefore held in this 
position till the main current falls so low as to be unable to 
retain it against the aotion of the spring. When this occurs the 
tongne flies baok, breaking the main okonit and pladng things 
in the same position as at starting. Tlie apparatus should 
be fixed in snob a position as will allow the tongne to hang 
vertically like a pendulum. It is a trustworthy and a neces- 
sary piece of apparatus. It shonld be placed on the main 
dynamo lead, where it will reqoire no attention. 

It is extremely convenient to have all switches, measuring 
instruments, etc., placed together, so that the exaet state of the 
oonneotions oan be taken in at a glance. Such an arrangement ia 
illnstrated in Fig. 65, whioh is a form of the switch-board used 
by the E.P.8. Company. The board itself is of polished teak, 
on whioh the different pieces of apparatus are fixed, while bolts 
passing through the board form oonneotion between the different 
terminals and the leading wires from the dynamo, lamps, 
aoonmnlat(xrs, and other, pieoea of deotrical apparatus, which 
are brought up behind the bowd. These ooanections are 
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nciiftlly md# hj mAdmdxkg tiie wim into cnp-thftped 
in th^ extremiliM of ilio bolto. Serew ooanoetim in ottoh 
m titastien fhoidd nmr be need when they een be nroided. 

The two ewitohee on the lower pert of the boerd ere for 
putting on the dgnemo to the eoemn^tori or the eooamnlatori , 
on to the lempii 
when both swit^iee 
are tamed on the 

are dmplj acting 
as regolators for 
steadj^ the light, 
and are possibly 
receiving some 
small charge them* 
selTea Each of 
these switches has 
an ebonite handle 
attached to a 
pivoted brass bar 
which makes con* 
neotion between 
two contact pieces 
of the ring type. 

The two Bwit^es 
at the sides of the 
board are need for 
regnlating the num- 
ber of aocnmnlators 
in oironit. By slid* 
ing the oontMt bar 
over the diilerent 

contact pieces one Hg. 65. — switoh-boabd tob 

or two aoonmnla- 

tors are out out of circuit according as che bar rests on the 
central or end contact ring. A reg^ting effect of four volts 
is thus procured, which is usually sufficient. When, however, 
high voltage lamps are used a greater regulating range may be 
necess^, and this can be procured by adding another contact 
ring to the switch. One of these switches— the one on the 
loft — ^is used when the lamps and dynamo are on at the same 
time, while the other is used when the accumulators alone 
ore supplying the 
lamps with current. 

The instrument 
at the top of the 
board is an am- 
X>^remeter of the 
steelvard type. It 
consists of apivoted 
bar attracted by an 
iron core at one 
end, and having a 
sliding weight 
which acts as a 
counterpoise on idle 
other. The iron 
core, which is in 
a T^oal position, 
is turned into a 
powerful magnet 
by the fixed thick 
wire coil, throng 

which the whole Fig. 66.— thbxs*wat bibvlatoe switch with nxKa oontaotb. 

of the main cur* 

rent can be passed when desired. The attracting force 
exerted by the current passing in this coil on the biur is 
oounterbslanoed by sliding tlm movable weight along the 
bar, so as to give it more leverage. The distance this weight 
is moved along the bar in order to procure a balance 
gives a measure cl tbe attracting force at the other side, 

Md therefore of the current passing. This instrument must 
be graduated by comparison with some standard instru- 
ment, and thii operation once performed permanently calibrates 
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the instrument. Since tiiereare no permanent magnets, springs, 
etc., it cannot get easily oat of cwder. The objections to it are 
that it is not direct-reading, nor is it sensitive ; idth a Httle 
practice a balaaoe can, however, be procured fairly quicddy, 
and it is sufficiently sensitive to the purpose for which it 

& employed. A 
strong point in its 
PIH favour is the fact 

|\ \ that it can be 

plaoedwith safety 
in tbe hands of an 
unikiUed person. 

instrument is 
shown short - cir- 

on the 

board, but it can 
be thrown into 
circuit by with- 
drawing the short- 
circuit plug. 

The switches 
used for carrying 
very large cur- 
rents must have 
extremely little re- 
sistance, and there- 
fore must be made 
of thick metal of 
high conducting 
power. Fig. 66 
illustrates such a 
switch. It con- 
sists of a heavy 
pivoted brass bar 
with two ebonite 
handles, by means 
AOCUMULATOE INSTALLATION. of which it can be 

moved over the 

different oontaot pieoes. The ends of this bar are doubled 
in BO as to fit into the gaps in the ring oontaot pieces. 
Double contacts should always be used, and the device adopted 
in this switch of having the oontaot pieoes rings which can 
be closed as tightly as is desired on the contact bar ensures 
good oontaot, and consequently little heating. After being in 
use for some time the oontaot becomes somewhat loose, which 
can be remedied by screw-bolts on the oontaot rings. 

For genend light- 
ing purposes and 
for the oonstant 
supply of strong 
currents where the 
accumulators can 
be placed in a sta- 
tionary position, 
the paste accumu- 
lator with the lead 
or alloy grid, as 
describe in the 
previous chapters, 
is the most satis- 
factory source from 
which the current 
can be obtained; but 
to special kinds of 
work manydetails of 
construction must 
modified. In the 
SWITCH WITH BING OONTAOTB. aooumnlators sup- 

> plied by the E.F.8. 

Company to medical and defitsl purposes, the plates are 
separated by sheets of perforated oelluloid. The internal 
resistance is thereby increased, but the possibil% of a short- 
oirouit is almost entirely prevented: neither the bucl^g of 
the plates nor the falling out of pieoes of paste can bridge 
the gap separating a brown and grey plate. This is a most 
necessary point where the aoqnmulator is placed in the hands 
of an unbilled person. 

Aooumnlators to nse in tram-oszs and snoh, situations must 
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be oonstrnoted ao •• to be able to stand nary rough usage. I 
An admirable aoonmtilator for this class of work is that known 
as the EUeson aocnmnlator. It consists of a square grid with- 
out feet, and huviug a reotangolsr section ; there is no paste 
used, anid therefore the section of the grid need not be such as 
must be designed for the purpose of keying in a piece of har- 
dened oxide of lead paste. 

The in the grid are filled with spirals of thin lead 

ribbon, the oonvolutiona being separated by asbestos paper. 
The process of manufacture is far cheaper than in the case 
of paste accumulators. 3>uring the process of formation, the 
spirals swell on being convert into peroxide of lead, and 
thus firmly jam themselTos into the spaces in the grid. The 
asbestos paper is gradually washed out, and the spir^ become 
ultimately oonvei^d, wh^ the accumulation is fully ohu*ged, 
into pure spongy lead on the grey plate, and peroxide on the 
brown plate. The plates are separated at points by india- 
rubber buttons, and in this respect the accumulator is inferior 
to either of the paste types already described. The method of 
permanently connecting the plates at different points, and then 
separating them to prevent buckling by forked oellnloid sepa> 
rators, appears to be the most satisfactory manner of guarding 
against short-circuiting and the subsequent sulphating of the 
accumulator. When such a plate has been in use for some 
time, it becomes extremely strong, and the amount of rough 
usage it will stand without any of the spirals falling out is 
surprising. A single plate may be dropped from a height 
of five or six feet without injuring it, whereas the same treat- 
ment would certainly injure any form of paste plate. The 
capacity is not as Ugh as the paste form, but its durability 
is greater. It has been used successfully for tram-oar work 
under the most disadvantageous oiroumstanoes, and has been 
a euooess where any other form of acsumulator would most 
probably have been a failure. 

A constant demand always exists for a neat pocket accumu- 
lator which will be neither too expensive nor too weighty, and 
which w^ do ita duty. A really good pocket aooumulatar is 
almost impossible to procure. It is found nearly impossible 
to so iimulate the plates as to prevent the accumulator from 
being discharged by leakage, and it is also found most difficult 
to prevent the liquid from “ creeping ” along the wire where it 
leaves the liquid, and so destroying the terminals. If the con- 
taining vesscd were made of glass through which the terminals 
were fused below the level of the liquid, the former of these 
evils would be oonsiderably diminished, and the latter com- 
pletely eliminated. 

BRICK AND TILE MAKING.—IV. 

BY GILBBET B. BKDOBAVT?. 

TSBBA-COTTA, BBICES ABB TILES. 

As we stated in our last article, the clay employed in brick- 
making by the semi-dry process requires but little selection or 
preliminary manipulation, owing to the finely-divided state in 
which it has to be used. ^ All the lumps and impurities, in fact, 
are ground up small, and incorporated so thoroughly tiuraughout 
the mass, that their presence can scarcely be detected. In pre- 
paring the clay, on the other hand, for manufacture in the plastic 
state, the removal of the impurities is of the first importanoe, 
and it is mainly owing to the very imperfect way in which this 
is generally accomplished that many at the English bricks are 
so unsightly and defective. It is eaey enough to point out 
theoretically the best way of producing a pure and well-tempered 
material, but the difficulty in practice is to do so at the ahnost 
nominal price which can be set apart for process of the 
manufacture. 

^ As we saw in the case of the terra-ootta, the olay is first hand- 
picked, then ground to a fine powder, and finally pugged with 
hot water in order to temper it. For pottery, again, the olay 
is what is termed ** blunged”-— that is, it is beaten up in tanks 
of water by means of powerful revolving arms or cutters. In 
this way the lighter and purer portions of the olay are brought 
to a sort of creamy oonsisieney, and are carried away in the 
overflow water } while the heavy and more solid impurities, which 
consist generally of iron or limestone, sink to the bo^m, and 
nmy be from time to time withdrawn. In this process, which 
differs but sightly from the action of the common wash-mill, 


tim day is admirably tempered, but remains in far too liquid a 
state for use. It him consequently either to be run into tanks 
or reservoirs, in which the water may be gradapdly evaporated 
by tile natuzd action of the atmosphere, or the water must be 
driven eff by means of artificial heat, as is done in tiie so-called 
** sHp-rilns in the potteries, where the liqnid olay is conducted 
into shallow pans about eight inc^ deep, having flues beneath 
tiiem in which the heat and flame from a f umaoe at the one end 
pass into a chimney situated at the other, thus causing the 
day-slip to boil, and in about twenty hours to be ready for use. 
By ei^er of these methods the olay can be admirably and 
efficiently prepared, but they are far t^ costly to admit of their 
application in the case of day used for common bricks. We 
should estimate the dry method to cost Is. 3d* per ton, and the 
washing and boiling littie short of 2 b. per ton, whereas from 4d. 
to 5d. per ton is all that can fairly be set down for this stage 
of the manufacture. 

Unless the clay is by some method thorough disintegrated, 
the brick is nearly certain to appw streaky in fracture, as in 
every day-pit there is snze to a number of different beds or 
layers, which bum to a slightly different tint, and unless these 
are completely intermingled, the exterior of the brick is often 
spotty or mottled. The plan we spoke of iu our last article as 
I most commonly adopted for dealing with the day — ^namely, hori- 
zontal rollers placed one above other, and set to varying 
degrees of fineness — ^is, when taken in oox^unotion with a good 
pug-mill, perhaps the next best mode of dealing with the day. 
The chief disadvantages of this system are, that if impure lime- 
stone or ** skerry” is present in considerable quantities, it is not 
broken up sufficiently small to prevent the swelling or disruption 
of the finished bricks when exposed to moisture ; for, contrary 
to the common opinion that the damago to such bricks is due 
to the winter frosts, we believe that their destruction is oaused 
by the slaking of the lime in them. It is evident that, in the 
firing, the carbonic acid in the limestone is driven off, and there 
thus remain numerous nodules of quicklime: as the damp 
gradually penetrates into the bricks, the lime slakes and expands 
with sufficient violence to break it up, and ocoasionally even to 
upheave vast masses of walling. Thus it is not uncommon, in 
districts where these limey bricks abound, to find lofty walls and 
chimney shafts most singularly distorted. We have seen a tall 
chimney warped as much as a couple of feet out of the upright, 
owing to the expansion of the bricks on the south-west t^e, 
being that which was exposed most often to the driving rain. 

Another common impurity in olay, nodules of ironstone, or 
argillaceous iron ore, is so h^d and tough that the rollers seem 
to have but Httle effect upon it, and when it is present in the 
finished brick it causes extensive flaws and disoolourationa. 
Lastly, the rollers themselves are anything but good mixers, and 
their action in thitt respect is not so well supplemented as it 
should be by the pug-mill, which consists, os our readers will 
remember, of a pan or cylinder, in which revolves a central shaft 
furnished with knives, or ontting-arms, attached to the shaft 
screw fashion. The clay is insert at the top of the pan,' and 
is gradually forced downwards, and out through and through by 
the knives, until it issues at length through an orifice at or near 
the bottom. The danger is that during its progress, partly owing 
to its being too dry or tough, and partly to the way in wMch the 
Gutters are placed, tiie olay is apt to get pressed into a sort of 
i worm, which, instead of being proper^ worked and tempered, 
mmrely gets turned round and round, and finally comes out very 
little betier mixed than it was when it went in. 

In the old-fashioned hand-tempered olay, the mixing was in 
reality far better aooomplished than at present, for not only was 
material wtil kneadad and trodden by the barefooted work- 
man, but it was often wedged ” and out up into small pieces 
whioh were properly amalgamated by being bWiten up end tiirown 
bade witii great violence on to the remaining portions of olay. 
It is the slapping and kneading action, in short, which we look 
for in vain in m^em day-tempering machines, and until some- 
thing in this way is efiboted we shall nevmf get truly tough 
common bricks. 

Having thus shown what is required by way of preparation, 
we may say a few words on the composition of the raw clay, and 
show the manner in whioh oertaln materials influenoe the 
ultimate strength and qualities of the brick. We have noticed 
ibe effect of the more common impurities, lime and iron, when 
present in the shape of lumps or nodulssi Mid we may now 
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ttte— snbitinoei mxw ti>e tU tea n d •Ituaina. | 
wlii(^ are tlie oliief oonsMtoents of the ola^r. Bare eOioate of 
^lunliia, as we hm afaown, ia iitfoiible) but rety small q^- 
titles of lime, iron, or the alkalies aot as flnzes, and at high 
temperatnres rcm ^ mixture into glaa. It has been found, 
howerer, that under obtain conditions, and mixed in oertain pro- 
portions, these materials will bear great heat without fusing, and 
Dr. Dre asserts that a mixture of equal quantities of lime and 
alumina, with one-half part of silioa, ^ves a refractory compound, 
and that this result is also obtaii^ if the amount of lime is 
increased one-half. We know, in fact, from the so-called gault 
bricks, that an intimate mixture of chalk and clay will bum very 
hard. The gault clay, which tmderlies the chalk, may contain 
often as much as 80 per cent, of carbonate of lizne, and when 
made into bricks it bums of a yellow or whitish colour, and, 
owing to undergoing a partial fui^n, becomes very hard, Imt at 
times rather brittle. The Suffolk white bricks, on the other hand, 
which also owe their oolotir to the presenoe chalk in the clay, 
in consequence of the large quantity of sand they contain, wiU 
not bum so hard as those xnade from the gault, and are so friable 
that they may be readily robbed and out into any required form. 
Again, the StEdfordshire blue bricks, which are made from a clay 
oontahiing as much as 10 per cent, of peroxide of iron, will stand 
only a m^erate amount of heat, and produce, according to the 
way in which the firing process is conducted, either a red, a 
buff, or a blue brick. If clay used for these bricks is subject 
to the full heat of a terra-ootta kiln, it is entirely melted and 
run into a dark glassy slag : it not unfrequently happens, in 
fact, that some of the l^hter goods in the top of the blue ovens 
get partially melted in endeavouring to finish the more bulky 
articles at the bottom. 

The natural clay, as it comes from the pit, is rarely used for 
brick-making without some admixture either with other beds or 
with sand, and the goodness of the briok depends mainly upon 
how far t^ is done judicionsly and skilfnlly. Most pure clays 
are too tough to use as they are dug ; they would not leave the 
moulds properly, and would shrink and twist so much in firing as 
to be vfdueless ; they are therefore mixed either with sand alone, 
or beds of sandy loam are selected and worked up along with the 
other clay in certain fixed proportions. Another very important 
point in preparing the clay is the amount of water it will bear, 
or the quantify of natund moisture it contains ; the consistency 
of the ^y m^es all the differenoe in moulding, and the differ- 
ence in the shrinkage of the same olay with varying quantities 
of water is very remarkable. As it is of great importance that 
the bricks sho^d all be uniform in else, it follows that the olay 
should all be prepared alike, and have tlm aame quantify of water 
in it. For this reason it is customary to mix up large quantities 
of briok-eorth at a time, and in making any mixture of earths it 
is found convenient to spread the different beds in thin layers 
one over the other in la^ shallow heaps. In using this olay, 
it ia dug down from top to bottom as it is required, and thus a 
uniform distribution of each of the component layers ia ensured 
and an equable result is obtained. 

We have already briefiy alluded to the kind of press which is 
generally used for the manufacture of bricks from plastic olay, 
and it readily be understood that, with oertain slight me- 
ohaniosl differenoes, the machinery for this purpose oonsistB in 
the main of a receptacle for oontaixiing the prepared olay, a 
means of fcmning this olay into a strem of suitable sise and 
form, and a con^vanoe for cutting up this stream or strip of 
olay into individual bricks. In some oases the plastic day is 
for^ into moulds, and made much in the same way as bricks 
made by hand, and this mode of proceeding has the advantage 
of producing a brick of better shape and exterior than one made 
witiiont modding. The diffioulfy of the pug-mill process is that 
the stream in issuing from the orhice of tlm cylinder is (es^oially 
if the day is a little too dry) lisbla to become cracked and jagged, 
and this cannot, of course, be remedied unless the bricks are 
dreeeed or gone over bdd« they ere quite bard to remove the 
nuevennesses. Again, the wire cutters get dogged with a little 
dry day, and fail to meke a dean cut, thus causing the bricks 
to look as if :timy had been eawn apert. To remedy the former 
evil, in some machines the orifice i/t the pug-mill is formed by 
four friction roiUere, which are conetantfy lubricated, and thus 
produce an even and smooth band of day. The bricks are 
carried from the machine either by ohUdrm, by hand, they 
are wheded. away on baerowa epemaUy made for the pnrpotSi 


which consist of a large platfonn pi thin battens of wood, with 
a Single whed, somewhat in the form of a oostermonger’s barrow. 
It is abnost impossible to give any general statement of Ihe 
plan of drying maohine-mede brick^^ ae the practioe varies to 
much in different parts of the country. It may be roughly 
stated that, owing to the tougher and dryer state ^ the day, ae 
used for machine-moulding, the bricks can usually be built up 
into open walls or ** hacks ** at once, instead of bd^ first spread 
out singly on the ground or on dry^-fioora to harden; but this 
does not, of course, hold good with all kinds cf day. It is as 
a general role more economical to use the day in such a state 
as to he able to hack the bricks at once, as this effects a great 
saving of room, and saves handling them twice. The common 
plan of building up the bricks is to place them on edge, in double 
diagonal rows, about two inches apart, each course crossing one 
another at right angles ; the hacks may be from ten to fourteen 
rows high, and it depends upon the time of year and the state 
of the weather how long the bricks have to remain before being 
placed in the kiln. We should think a fair average time was 
ten days or a fortnight. 

Bricks are burnt either in uncovered heaps, called *' damps,** 
or in kilns similar to those we have describe for terra-ootta. 
Clamp-burning is, in reality, a rude and barbarous plan of avoid- 
ing tl^ necessity of oonstrncting kilns, and this system not only 
oooasions great loss and waste in the ^el and in the bricks, but 
it entails oertain differenoes in the preparation of the olay, which 
cannot fail to injure the bricks made to be bnrnt in this way. 
We do not propose to speak of damp-burnt brioks at any great 
length, but we may state bri4fiy that the olay for this purpose 
is mixed with oertain proportions of ooke-dust, sifted cinders or 
breeze, and therefore oontains within itself a part of the fuel 
required to burn it into bricks. It is evident, therefore, that in 
the firing, the partioles of coke or oinder burn away, leaving very 
unsightly and injurious cavities in the brioks. The damp is a 
vast heap of unburnt brioks, built upon a foundatiofn of those 
previously burnt, with intermixed layers of coke-dust, and pro- 
tected or encased on the exterior with walls of semi-burnt brioks 
called ** burnovers.** The fuel, which is generally breeze, ia 
distributed in thin horizontal layers through the damp, and the 
brioks are built up with interstices to admit of the ^ pene- 
trating through the mass. The damp is lighted by means of a 
number of reoeptades for fud oontriv^ in Ihe outer walls, called 
** liveholes,** and when onoe lighted a olamp may burn, aooording 
to the quantify of fud in it and the dryness of the briok, for 
from three to six weeks. 

The vast number of bricks wanted in and round London, and 
the facility afforded to the briokmakers of disposing of any 
quantify of rubbishing articles, has rendered damp-burning 
almost universal in the London distriot, and we think that the 
badness of most of our London brioks may be traced to this 
pernidouB system of firing. We trust that, before long, olampa 
will no longer be permitted in the vioinify of onr dwellLigs, for, 
owing to the want of air in the interior and the badness of th« 
fud, the gases given off from them are very deleterious to health. 
This plan of burning is also most wasteful, as a large proportion 
of the brioks are alwajrs underburnt, while those at bottom 
and near the ** liveholee ** ore run into olinkers ; the briokmaker 
can, in fact, exerdse little or no oontrol over his work, and when 
onoe fairly started the damp bums away as it will. Mr. Dobson, 
in hii trmtiae on bricks, gives a very oarefnl aooount of the 
mode practised round Lradon of b^paring and binming the 
damps, and the method he desmibM preva^, with very slight 
diffiemoes, in many parts of Surrey and Kent. 

The purposes for iroioh a briok ia required should be carefully 
studied in its manufacture $ thus the same day, with slightly 
varying proportions of sand or chalk, or with a slight difference 
in the fi^g, may produce a vitrified briok, incapable of being 
rubbed or out, or it may be made into a soft rubber, which can 
readily be out into any desired shape. Again, as we have already 
stated, oertain days may be bnrnt either red, buff, or blue, and 
knowing the oapabiUtiM of his material, the mann&ctover 
frequently has it in his power to prepare a great variefyof useful 
ertides from briok-earth. We have often been astonished to 
find the vast amount of ignorance which prevails upon the 
reasons for certain well-known processes in briokmslring, and 
we have therefore dwdt at considerable length iq>on those 
details which are tindved in the preparation and treatment of 
the clay* 
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OBJECT DRAWma—X 

Tbb group ihown in Fig. 59 ooufiiti ai ei^t blooki of wood 
itaok^ at xi|^t anglei to eadb. other. 

It wiU bo olear that tho blodko thui plaood would form a 
group wUidh oould be oontamod in a cube; and, therefore, 
hari^ dotermined the poaitian of the noarert angle, proceed to 
draw linoo to Yaniahing«pointe, whidi will be fixed according to 
the inclination of the aidee of the object in relation to the 
pietnre-xdane. The pcnnts b and c axe next to be marked, end 
theee two will be determined in the aame manner. 

Kow from h and c drawlinea to the opposite yaniahing-pointa, 
and thus the ground-plan of the entire block will be perapeotlTel j 
rendered. 


pointi will diyide tibe wbde containing block into four alabe 
lying kofiaontallj. 

Fiom k, 4, i, and h draw perpendieulars, wbidh# c uttin g the 
lines drawn to the Taniahlng-pointa, will glye ttie ends of ttie 
blocks hi^mUjU, on, and all othein immediatelj aboye them 
in the aame pla^. 

From the angles of these ends draw lines to the yanishing* 
paints on the opposite side. The remaining lines will be readily 
seen from the dzmwing. 

I The shading is simple; the light proceeds ftom a point on the 
left of, and h^her than the object, and thus the brigditest Hght 
I falls on the end of the block ihlm and those immediately aboye 
' it, and on the left side of the blocks oyer the point d, the right 
side bemg, of course, in shadow. The oast shadows oaosed by 



From a mark a h, representixig the apparent distance of the 
lowest block from the immediate foregr o und, and also a d for 
the same purpose on the other side of a. From h set off h y, and 
from c set off c k, obserying that these distancee being remoyed 
from the foreground will be smaller a d and a h, although 
representing the same space. 

Again, from d set off d e, lepresenthtg ttie of the 

bloo^ and also and /g, the last two distances being 

dimixfished for the reason already explained. 

At this stage the student is referred to Fig. 60, which is a 
reduced oopy of the grofind-^plan, and ir(m this it will be eeen 
that the ends of ttie blooke ere portions of the pbmee which 
ftam the cidee of the oontefaing blo<h: thne the bnei d$,fg, 
k 4, «ud j k are on the lines ah and a e. 

Jheoooid, therefore, to eketbh the perepeothre yiewof this plan 
M already shown. 

Draw the perpendionlar and sat df upon it the heists of 
the b2o(fiQe-*yii.i to drawn from these to the tmiShhing- 


I the ends of the bars projecting beyond those immediately under 
them will best be stuped from the objects, since they yary with 
I eyery moyement of the Oluminating point, howeyer alight that 
moyement may be. 

It cannot, in fact, be too f^requently impressed upon the 
student that the iBustrations in these lessons are not by any 
means intended as drawing eopieo ; they are designed to serye as 
guides— in placing the modd% and in the method of drawing. 
There is more to be learnt in one hour's study from the merest 
blocks of wood than from the most oarefctl work from copies, 
though it may extend oyer wedta. 

One of the most important features of objsot drawing is that 
a student who really wishes to work nsed new be stuped by 
the want of subjects. Eyery blook of wood or etone, howeyer 
simple ite form— and the more eimple the better-^wiU affbxd 
am^ leeeone in form, and in Hght and ehade. 

M elreedy mentioiied, a epeclel eet of modela hee been 
designed to carry out the leesons gitun tUs iubieet; but In 
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otfte to iid itadmiti wlio lim »ot tho oppoftimilgr of ludiig 
thoMfIt it wytoooiitdTOo let of pfttterni hy wiMi tiij one of 
intalUffMiOO nkoy b« mhlad to nioko « set of inodels of 
otfdboev^ irl&hi slthmigii not rtaj permnnenti wiH stQl be 
found rety nsefol In mikisg these, bowever, tbe student wiU 
ba>Te to b ^ y to bese a oertsin knoidedge of praot^ geometry 
and jncdeotbn. These sabjeots oonld not convenientlj be in- 
olnded in tl^ present les^ns, and the student is therefore 
referred to those in 'ehioh they are spedsUy treated. This 
knowledge wOl not oidy be found nsefnl in this psrtionlar stndy, 
bnt will be the foandamon of all true notions of form. 


Fig. 82.— -This is an applipation of the lorsgofag igiire, 
Thns it wffl be dear that, on removing the bkxto 4, T, and 
8, the remainder, eonsisting of 1, 2, 8, 5, 6, 9, will fonn three 
steps. 

How from eadi angle draw a line to the point of sight, whioh 
will give the inner and outer angles of the steps— ^that is, ths 
mee&tg of the risers and treads. 

The lines representing the distant edge of ihs steps, whioh 
are required to complete this portion U the snhi}eot, reqnh^e 
some oare. It mnst be borne in mind that die risers of the 
steps sre npright, and the treads horisontal, and that aa their 



Fig. 61. — ^Ihe group shown in this 6gnxe is made up of nine podtion is not altered by per8peotive, theende of the steps being 
blocks similar to those need in the laet figure. The end of ^e parallel to the piotnre-plane, the lines eorresponding with these 
group being paralld to the plane of the pioture, will be tended in the distant end must be vertioal, and hOTisontal alto. The 
geometrioelly— that is, of its oorreot form, ainoe it is not altered special attention of the student is ealtod to this point, 
by its positi^ We now prooeed to employ the blocks 4, 7, and 8, which had 

Having, then, drawn the rectangle a t e d, draw lines vertioally been removed from the origi^ block, by placing two (4 end 7) 
and horiiiOBta% so ae to divide it into the required n^e root- as the poets or jambs, and 8 se the lintel, 
angles. Observe that, in the object under consideration, the The method of dewing this doorway has been given in 
whole reotann^wiU be in the proportion of 6 to 9 f ainoe in the previous lessons, and need not, thereforo, be repeated haxt. 
model mck uook ie 8 inchee wide and 8 inches high, the whole The whole of ^e front of the drawing, as well as the risers 
reotani^is ldiiieoae-third wider than its h^ht j^m h, e, and of the steps and ^e soffit, are in shade, and the east shadows 
d draw lines to the point of sight, and complete the hloc^ by &11 on ea^ step— on the jamb and on tiie groond. 1%ese 
the distent vmtioal ai^ horison^ lines. Then from the points shades and shadows should, as already stated, be effected by 
where 1 and 4, 4 and 7, 7 end 8, 8 and 9 adjoin, draw lines to , means of linea drawn in the direction of the surface on which 
the point of slghti which wiH complete tbe view of the object. they falL 
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AGRICULTURAL CHEMISTRY— X. 

BT 8IB OBABLIS ▲. OAXSBON, X.X>., 

ProfeMor oC B^rtoae to the Boy»l CoUeg* of Bnrfooiif^ Irdaad, oto. 

OHAFTEB X— SEWi-GE UANCBE. 

A itABGB i^oi^rtioxi of tlie food pc^nood in Groat Britoiii u 

If all the food ptodnoed m a oertoin locality were oon* 
•nm^ on the epot, and iti disorganised oonstitnents wholly given 
book to the air and gronnd, then the soil of the place would always 
remain (if natiually fertile) in the highest state of prodnotiye« 
neaa — t^t is, it would oontinne in good condition. In the 
United Kingdom, folly one-half of the population reside in towns, 
and in these densely-orowded places at least one-half of the 
ogriooltoral produce of the country is consumed. Now the 
amount of disorganised animal and vegetable matter conveyed 
from towns to the counti^ districts is ve^ small, and at present 
it may safely be stated that at least three-fourths of the amount 
of foc^ conveyed into towns are, after being disorganised in the 
bodies of animals, carried off in the form of sewage into rivers 
and the ocean. 

Two evils have resulted from the present system of discharging 
the waste matters produced in towns into rivers. Firstly, there 
is on enormous waste of valuable ferttiising matters ; secondly, 
many of the most important rivers ore now little better than 
common open sewers. These evils have formed fertile subject- 
matter for books, pamphlets, essays, papers, editorial articles, 
indignant remonstrances, leotoes, Parliamentary inquiries, and 
scientific commissioners during more than a quarter of a century 
past : and at the present time the remedies suggested and being 
applied for their removal or abatement involve the solution of 
one of the moat important social problems of the age. 

So enormous are the quantities of phosphates and olkaUea 
stored up in the soils of these and other countries, that the most 
improvident system of agriculture cannot, as we have already 
shown, permanently deteriorate the land ; and therefore, even 
should ^e present waste of town sewage continue, the gloomy 
prediction of Liebig, that the soUa of Great Britain would 
at no distant date be reduced to sterility, is not likely to be 
realised. On the other hand, it is quite evident that the agri- 
culturists of Great Britain have not at their disposal an adequate 
quantity of home-produced manure, otherwise they would not 
be obli^ to import annually enormous quantities of guano 
and similar fertilising agents from various and distants parts of 
the world. The quantity of food exported from these countries 
is quite trifiing, whilst an immense amount of both animal and 
vegetable aliments is imported. It is clear, then, that were it 
not for the waste of town sewage the soils of Great Britain 
would, OB a whole, obtain more phosphates and alkalies in the 
form of manure than is extract^ from them in the shape of 
food. If the ' waste matters produced by the disorganisation 
of all the food of home and foreign origin consumed in these 
countries were applied to our soUs, we should be spared the 
necessity of ransacking the most distant parts of the globe for 
guano, phosphates, and potash ; whilst our soils would gradually 
be raised to the j^maximum condition of productiveness. We 
fear, however, that there will always be found insuperable me- 
ohotocal difficulties in the way of ti^sporting the waste matters 
of towns in such a way as to distribute them over wide areas. 
In most of the towns of the United Kingdom the water-closet 
system is very general, and the same main sewers which oonvey 
the drainage from the houses also carry off the rain-water. The 
liquid and solid excreta of the population constitute extremely 
valuable fertilisers ; but when they are very largely mixed with 
water their agricultural value is very much lessened. Now the 
present water-closet and sewerage Systems in towns has the 
effect of converting nearly all the manurial matters produced 
within the urban distriota into a very dilute solution, containing 
a little solid matter in suspension. This liquid cannot econo- 
mically be conveyed throughout the country in the same way 
that guano, lime, and stable manure are distributed. It is clear, 
then, that we should titiier prevent the manurial matters pro- 
duced in towns from mxtering the sewers, or apply the sewage 
for the purpose of fertilising limited areas of land. Attempts to 
utilise town sewage have bam mode in various parts of England 
and Sootiand, and on the whole not unsuccessfully ; and at Ihe 
j^oeient time the municipal authoritiei of oevend largCvtowns 


ore taking stapa for the purpose of applying the sewage pro- 
duoed in their jurisdictions to ogrioultuxal purposes. 

The oomposition of town sewage varies, and is influsnoed by 
the roin-fsll, the quonti^ of pipe-water sapphad to the town, 
and other footers. I have repeatedly analyst the sewage cf 
Ihiblin, and the following appeoreto be itii average oomposition. 



Pounds. 

Worth at 
per ton. 

M<mey 

1. In eomfpUU eoluUon* 



•. d. 

Nitrogen 

16*50 

70 0 

10 8*75 

Phoephorio arid 

8*85 

40 0 

1 4*50 

Salta of potaah 

5*12 

20 0 

0 10*97 

Salts of soda ••• 

16*88 

1 10 

0 1*78 


41*80 


12 8 

2. MeehawieaUy suepancted. 




Nitrogen 

2*84 

70 0 

1 6*60 

Insolnble phosphate of oalrinm... 

1-84 

8 0 

0 1*57 

Organic matter 

1400 

0 10 

0 0*75 


18*68 


1 8*92 


The money value of the sewage of a town of 100,000 inhabi- 
tants would be about ^50,000, ^e ingredienta being valued at 
the rates above given, which are perhaps somewhat under the 
prices of the chief oonstitnents of artificial manures. The 
sewage of London has been valued at .£4,000,000 by Baron 
Liebig 5 and estimating one ton of it to be worth only Id., Dr. 
Corfield aBSumes it to be worth ;C1,108,888 6b. 8 d. per annnm. 
The quantity of sewage produced annually in Dnblin I find, by 
careful caionlationB, to amount to> 30,000,000 tons, the popula- 
tion of the city and its immediate suburbs being ui^er 850,000. 

The value of the sewage of a town may be approximatively 
ascertained by determining the value of the excreta of an average 
unit of the population. If the amount of fertilising matter 
obtainable from a single individual be worth lOs. per annum, 
the sewage of a town of 100,000 inhabitants would be worth 
^50,000, minus the value of tiie small amount of refuse carted 
ont of the town. According to Dr. Thomas Anderson, the excreta 
of an adult male is worth 8 b. BJd. a year, and that of an average 
unit of the population 6 b. a year. Dr. HoiBnann assumes the 
excreta of an average unit of the population to be worth lOs. lOd. 
per annum. 

As the value of a ton of sewage is estimated at from ^d. to 
2 id. per ton, it is evident that it must be applied in large 
quantities, and in a very inexpensive manner. The sewage of 
Edinburgh has for about two centuries been allowed to flow over 
the meadows close t% the city. Some fields receive several 
thousand tons per acre,* and yield nearly 70 tons of grass, worth 
about J635. The sewage of Edinburgh flows by force of 
gravity alone from the oity to the irrigated lands, and the 
profit derived from it is about ^ 7,000 a year, which helps to 
defray the municipal expenses. The sewages of Carlisle, Lea- 
mington, Mansfield, Malvern, Worthing, Croydon, Walford, 
Worwi^, and other places, which were formerly allowed to 
flow into rivers, are now employed in irrigating ** sewage 
farms.*’ The results have on the whole been encouraging, and 
especially so in the case of Croydon. In every town where the 
sewage has been utilised for agricultural purposes, the health 
of the inhabitants has been improved, an abominable nuisance 
has been abated, and, as a general rule the sewage works have 
proved, or give promise of proving, reproductive undertakings. 

With respect to the agricultural value of town sewage when 
applied in sufficient quantity, there is now no doubt. It has 
used with almost every variety of farm and garden pro- 
duce, and with good results. At Barking Creek sewage farm, 
thirty-six different lands of crops have been grown with the aid 
of Lradon sewage alone. It has been alleged that sew^e 
manure cannot be utilised on arable land, but this allegation 
rests upon the osanmption that the liquid cannot be economi- 
cally applied by means of pipes and hose and jet. Where, 
howevw, a regular sewage fom is established, such as that at 
Norwood or Barking, there is no reason why eveiy kind of crop 


• Aoooratog to Dr. Anderson, 14^ t<ms is the avemge quantity 
applied per aors. 
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ooiUd not be grown, eren on the stiffest loUe. Boot*oropf of 
exoellent quality and moat abundant quantity hare been ob- 
tained by the aole aid of eewage ; and aooording to Profesaor 
Voeiokert beeto grown at the Lodge Farm, near Barldng, con- 
tained 18*19 per oenl of sugar, whilst the best roots grown in 
Scotland, Holland, and Snffolk yielded only from 9 to 10 per 
cent, of saooharine matter at the ontside. 

In 1861, a committee was appointed by the Boyal Com- 
mission on the sewage of towns to experiment at Bngby. The 
object was to asoertain the quantity and composition of the 
grass produced on land, a portion of which was unmanured, 
whilst to other parts were applied respeotiTely 8,000, 6,000, and 
9,000 tons of sewage per acre. In the following table some of 
t^ results obtained are giyen: — 

pnoDvcs aivsw to oxxh. 


Plot. 


1 

2 

8 

4 


Sewage 

Ireqnixedperj 

Anntttn. 


8000 

6000 

9000 


AotoaUy 


Inorease of 

applied 

Total GroM per 

Grass 

to end of 

Acre. 

jper 1000 tons Sew- 

Ootober. 


age applied. 


tons. owt. qrs. lbs. Itons. owt. qn. llx. 


9 5 3 5 

— — — . — 

1,872 

*X4 16 3 8 

2 19 1 7 

4,423 

27 1 0 10 

4 0 19 

6,153 

32 16 3 8 

3 16 2 9 


The nutritious properties of the sewage-grown grass were 
proved by experiments, the chief results of which are given in 
the following table : — 


Sewage 

applied. 

Numb, of weeks! Gallons of 

Value of 

tbe produce 

Hilk 

Ullk at 8d. 

kept a Cow. 

per Acre. 

per gallon. 




£ «. d. 


190 

321*0 

10 14 3 

1,887 

40*9 

570-7 

19 0 6 

2,804 

58*8 


27 C 11 

4,220 

689 

901*3 

33 0 10 


Value of Milk 
from increased 
jProduoe of 1,000 
I Tons 

£ f. d. 

5 0 0 

5 19 10 
! 5 16 8 

; 5 0 11 


These experiments show that the application of sewage was 
attended by a great increase in the produce of grass. ** De- 
ducting the valne of the milk prodnced from the grass of the 
unsewaged from that from each of the aewaged acres, reckoning 
it at 8d. per gallon, it appears that where about 1,400 tons of 
sewage were applied during seven months, the produce calcu- 
lated, for each 1,000 tons of sewage actually applied, gave an 
increased amount of milk to the value of JS5 19 b. lOd. ; where 
twice that amount of sewage was applied, £5 168. 8d. ; and 
where three times the quantity, £6 Os. lid.” The milk obtained 
from an acre of unsewaged grass was only worth ^10 Ids. Sd., 
whilst that obtained from ibe most highly sewaged grass was 
worth £S2 Os. lOd. 

The experiment was carried out under the observation of Sir 
J. B. Lawes, the distingaiahed agrioultoral investigator. 

The fact that sewage is capable of supplying the wants of 
every kind of crop is clearly established, but '^t which appears 
to be best adapted for sewage irrigation is Italian rye-grass. 
From six to eight heavy crops of &is plant may be obtained 
from even exceedingly poor s^. Should the method of drsring 
grass by artificial heat, now slowly ooming into use, become 
general, enormous quantities of grass might be produced on the 
sewage farms, and at onoe— ’Whether weather be wet or 

dry — converted into hay. 

The quantity of sewage applied per acre varies from a few 
hundred tons to perhaps nearly 20,000 tons. Lawes states 
that if he got sewage for nothing, he would apply 70,000 tons 
per acre; whilst other authoriries contend t^t excessive 
quantities are injurious, rendering the land marshy, and producing 
a coarse and innutritions herbage. Mr. Westwood, late farm 
bailiff of the schools at Anerley, states that he obti^ed as 
good results from 1,500 tons of sewage applied to two acres of 
Italian rye-grass, as from 8,000 and 9,000 tons applied to equal 
areas of rye-grass. On the whole, it would appear that there 
is nothing to be gained by pouring more than 8,000 or 4,000 
tons of sewage over an acre of land under any crop. 

It haa been propoaed to substitute the syitm of earth-oloaets 


for water-closets, in the larger towns, in order (amongst other 
objects) to obtain the exor^ of the population in a portable 
form. It is not, however, at all pro^ble that ^ water- 
closet eystem, which possesses so many advantages over any 
other, is likely to be superseded by the earth-closets. Hor Is it 
at all likely that the oorporatioiis of towns would make any 
profit by supplying fresh earth to the oitbens, and receiving it 
back commingled with manure. The poudrarie, or prepmed 
human manure, used in France, which sells at 47 frimcs per 
cubic metre, costs in reality, according to Bkepp (a good 
authority), 146 francs. At H^chester, the mnnioij^ euthori* 
ties take upon themselves the task of removing «U the waste 
matters pr^uoed within their jurisdiction. They sell the 
manure collected from the houses, and send it even so far as 
Lincolnshire ; but they do all thia at a cost of more than 
.610,000 a year to the ratepayers. In Glasgow, where ^ere 
are special arrangements made for ooUeoting human excreta 
nnmixed with ofher matters, the city manure is valued for 
^18,000 a year, iritilst the of removing it and cleansing 
the city is set down at A27,000. 

Various plans have been proposed for the purpose of sepa- 
rating the valuable solid matters oontsined in sewage, but none 
of them have proved decided sucoesses. It has lately been 
suggested to precipitate the nitrogren and phosphates by means 
of a solution of aluminio phosphate. A manure prepared 
according to this method has been variously estimated at from 
nearly £B to more than £7 per ton. The ABO process con- 
sists in adding to the sewage a mixture containing blood, alum, 
clay, charcoal, oxide of manganese, and some other matters. 
It has been extensively tried, but with rather unsatisfactory 
results; but an attempt to demonstrate its advantages was 
carried out in SeptemW, 1871, at Crossness, a projection of 
the southern shore of the Thames, between Plumstead and 
Erith marshes. The experiment was conducted under the 
snpervision of the Metropolitan Board of Works, and it is 
haidly necessary to remark that the promoters entertained the 
most sanguine hopes as to the ultimate sucoess of the ABC 
process, and the product was to be sold under the name of 
“native guano.” 

Carbolic acid compounds are added to sewage manure, but 
merely for the purpose of preventing foul effluvia from emana- 
ting from it. A very good manure is obtained by allowing the 
sowage to deposit its insoluble portion in a tank. 


SANITARY ENGINEERING.-^IX. 

WAEMING BY WABM WATEE. 

The mechanical appliances for conveying heat and for dis- 
tributing it in the most oonvenient manner are many and 
various. We propose to deal with them in a series of three or 
four papers, taking in each case one particular branch of the 
subject, e,g.t warm water, the heading with which we commence 
({. 0 ., water below the boiling point, 212^) ; then hot water (water 
conned and heated to various temperatures up to 500^) ; and 
afterwards hot air and steam, as applied to similar purposes. 
The application of warm-water circiUation to the purpose of 
heating baths, pubHo and private, was in use in the time of 
the Homans, and there are several descriptions extant of vessels 
and coils of pipes used for the purpose ; but in England the 
process is of comparatively recent introduction, the first record 
we have of any authority i^ing of a conservatory heated from a 
design of the Marquis de Chabazmes, about the year 1818. 

The first principle or motive power upon which all systems 
of circulation of water for heating purposes are founded is 
that hot water is lighter than oold, and naturally rises to ^e 
surface of a vessel heated from below. Perhaps one of the sim- 
plest forms of the principle is that adopts in heating an 
ordinary bath with a small stove or cockle, the boiler, above the 
fire, containing a small quantity of water, and communicating 
wi^ the body of water in the bi^ by an upper and lower pipe, 
commonly called the flow-pipe and return-pipe. As the water 
becomes heated in the boiler it rises to the surfkce, and passes 
out through the flow-pipe into the bath, its place beii^ gradually 
supplied by the entmce of the oold wato throagh the lower 
or return-pipe. As long as the fire is kept up the motion is 
constant, as the water in the bath constantly loses heat by 
exposure to the air; while, for the same reason, it can never 
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xife abore the tempemtnre of boHing water (i.e. 212^), m at that 
poiiit it ie ooiiTerM into iteam and eTapevatei. This, howeter, 
is not likely to oooar, as the ordiiiary temperature ot a warm 
hath rar^ exceeds 100^, and soaroelj ever 105® or 106®. 
This principle has been carried one step further as applied to 
heatiuif oonaervat(»ieB and gxeexdionsest by allowing the water 
to oiro^te through a series of open ohiumels or troughs dis- 
peri^ about the building; but ^e system had several inoon- 
venienoes, especially arising from the neoeasity of maintaining 
an absolute level tl^ughout, and never came into genend use. 

The form in which it is generilly applied is, by availing our- 
eelves of the circulating power of water above alluded to, 
to conduct the water through a aeries of pipes, either extended in 
a Hne or arranged in a ooil, but in every case starting from and 
returning to l^e boiler with a flow and return. Coneiderable 
^fference of level can thus be gained, the requisite strengrth of 
apparatus being provided ; for it must be always borne in mind, 
t^t for every additional foot in height to which the water has 
to be carried a oonsiderable extra pressure on the boiler is the 
result. For ordinary purposes, this may be taken as a pound 
of pressure for every two feet in height (the actual carefully 
calculated result being in fact some per-oentage lower) on every 
square inch of surface. The dimensions of ^e pipes make no 
difference in the result, as it is a well-known fact in hydraulics 
that the pressure of a column of water is regulated by height 
alone, independent of area ; but in every case, at the topmost 
point of the system, there should be a communication wi& the 
external air ; and in oases where one part of the pipes dip below 
the other air- vents should be provid^, as otherwise steam will 
probably be generated, intei^ering with the circulation, and 
induoing the risk of explosion. The introduction of these air- 
vents should always have the most careful consideration of the 
engineer. 

The constmotion of the boUer for warm-water apparatus has 
ooonpiedmuoh attention. We have at the moment a work before 
us in which twenty-eight different varieties of form are illustrated 
on a single page; and therefore shall confine ourselves to the 
remark iSuat the old-fashioned horse-shoe form, in which the fire 
is lighted under the arch, and passes to the flue at the back, 
has many advantages, and is in general use at the present time ; 
while where it is desired to make available, as is often done, 
the heat of the kitchen fire for wanning a bath, or a ooil of 
pipes in the hall of the house or on an upper storey, an ordinary 
wrought-iron boiler of sufficient strengtl^ passing at the back of 
the range, will answer the purpose p^eotly well. This closed 
boiler may be made to communicate by means of pipes with an 
open boiler at a higher level, from which a supply of hot wator 
for any purpose can be obtained. This system was introduced by 
the Marquis do Obabannes, in 1818. In all systems of apparatus 
on this principle, care must be taken in the fixing of the pipes 
to provide for the expansion of the pipes caused by the increased 
temperature. Oast iron, the material now most frequently used, 
when raised from 82^ to 212**, expands about one nine-hundrodth 
part of its length, or rather less than li inoh in 100 feet. In 
horisontal pipes it is usual to provide small rollers at the points 
of support, over which the pipes oau move, as if permanently 
fixed constat ruptures of the joints are the result. The rate at 
whioh the water oan be made to oirculate through the pipes is a 
matter of careful and tabulated calculation, varying with the 
heat of temperature and the size of pipe ; friction, as it is teohni- 
oally called, having a most important bearing upon the result. 
Experience shows that the fiction in a 2-mch pipe is double that 
of a 4«inoh, and in a 1-inoh pipe four times ; and it should always 
be borne in mind that water when heated expands. It has been 
shown by esqperiment tiiat water raised about 100®to 150^ above 
its previoas temperature gains from a thirtieth to a fortieth 
part of its bulk ; in all systomsof apparatus this should be pro- 
vided for, or an overflow will be the result. 

We now proceed to give a few data in reference to the com- 
parative powers ol different eues of apparatus. It has been 
ascertained by experiment that four square feet of boiler-surfaoe 
will evaporate one ouMo foot of water in an hour $ and, by oaUra- 
lation, it wiE supply sufficient heat to keep over 200 feet of 
4-moh pipe up to 140**. We may take as a rough guide, then, 1 
foot of h^er-enrfaee exposed to the fire for 60 feet of pipe. As 
a result deduced from simfiar experimeuts, we may eay that 10 
feet of boilor-Burfaoe will heat 600 feet of 4*inch pipe, or 666 
leet ol S-inoh, or 1«000 feet of 2-inoh; while 20 feet wiE 


heat 1,000 feet of 4-iaoh, 1,888 feet ol 8-indfai, or 8,000 feet of 
2-inoh. 

Then, as to the area of the furnace under the boUer, quaEiy 
of coal, heat of atmosphere, rate of draught, and various other 
edroumetanoes exerdse varying influences, therefore the figures 
given must only be ocmeidered as approxismte ; but we may eay 
that 1 square foot of fumaoe-bar wiU bum 10 lbs. of ooale per 
hour, and on this oaloulation we may baae the foEowing states 
ment: — ^That 100 square inchee of fumaoe-bar mufMe will 
supply 200 feet of 4-inoh pipe, 866 feet df 8-indi pipe, or 400 
feet of 2-moh pipe ; that 200 square inohes wiU sup^y 400 feet 
of 4-inoh, 588 feet of S-indi, or 800 feet of 2-inoh ; whEe 500 
square inohes of area wiE hmt 1,000 feet ol 4-inoh, 1,888 feet 
of 3-inoh, or 2,000 feet of 2-hioh. 

Having thus given a few data as to bdler and fumaoe, we 
now take up the question of the quantity of pipe required to 
produce a given result. Our limits wiE not allow us to treat 
this question at length, as it is neoesaarily a voluminous one, 
involving the different regulations of tempezatnre reqnired for 
different purposes, e.p., dwelling-houses, workshops and mann- 
factories, greenhouses, pineries, conservatories, etc., and another 
most important development of the system for churches and 
public buEdings. It is evident that a totally different set of 
conditions exist in eaoh case, and that they must be differently 
dealt with, though the same general principles apply throughout. 

Tables have been published showing the quantity of 4-moh 
pipe whioh wEl heat 1,000 cubic feet of air per minute any 
required number of degrees, the temperature of the pipe being 
200®. The table is too long for insertion, but we wEl give a 
single example of its working. Suppose the temperature of the 
external air at 40**, and the temperature at whioh the room is 
required to be kept is 80® ; the number of feet of 4-inoh pipe 
to eaoh 1,000 cubic feet of air should bq, 187. Having th^ 
given the general data upon whioh warming by hot water is 
carried out, we may oondnde by noticing one or two reoent 
adaptations of the principle on an extended scale, showing of 
what develcg>mont the system is capable, and how one apparatus 
may be used for various purposes. 

At a mansion in the neighbourhood of Manohester, whioh was 
completed a few years ago, a system of warm- water apparatus 
is applied throughout the whole of the premises, which cover 
a total area of 700 feet in lengrth by 200 feet in width, and 
contain ordinary dwelling-rooms (for whioh the calculated tem- 
perature required is from 40® to 50®), halls, corridors, a pic- 
ture and statuary gallery, and a billiard-room ; then the stables 
and ooaoh-houses, greenhouses, the vineries (requiring according 
to weather and oiroumstanoes a temperature of 40® to 70®), 
and, lastly, the orchid houses, where a oonstant heat of 70® to 
80® must 1^ maintained. 

The warmluf-power consists of three large tubnlar boEers, 7 
feet high, so arranged that they oan bo used separately and 
interoh^geably, one being snffioient for summer use and two for 
winter, the third being provided in case of accident or repair, 
i The principal flow and return mains are 6 inohes diameter, and 
eaoh special room or department has its set of pipes, varying in 
size and length, flow and return, oommunicattog with these 
mains by means of valves, whioh oan be opened and shut at 
pleasure. The quantity of superfioial area of pipe required for 
eaoh special purpose is regulated by the temperature required 
I to be maintained upon the principle before indioated ; in some 
oases two linee of pipe are snffioient, and in others there are as 
I many as ten. The number of sets of pipes thronghcfut the 
establishment is fifty-four, and the totiE length of pipes used 
approaohes 15,000 feet. We may mention that the cost of the 
apparatus was about JS600. In this case the buildings are 
almost aU upon one uniform level, the difference of height be- 
tween the lowest and highest p^i being about 7 feet. 

Another instance of a still more extensive appEcation of the 
system may be seen at the gardm of the Zool^cal Society, in 
toe Begent's Park, London. To its appEcation to factories and 
workshops generally — a most extensive and important brauoh of 
toe subject — we can only aEude, our object having been to ex- 
plain toe general principles of tbe subject, and to give as 
concisely as possible some of toe genevaEy accepted dato upon 
wh^ are founded the i^dples of oor modm practice of 
warming by warm water, «.e., water under boEing-pobt or 212®. 
The average heat worked up to may be taken in praotioe from 
140® to 1 80®, when the apparatus is in ordinary working. 
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oulture of thia satUm 
oohaiated merely k 
ooUeotiug the of 
dah ftom their uato* 
ml apawning-bedi or 
while doatiug in the 
water, and selling 
them to the fiah 
farmers, who again 
deposited them in 
their paddy delds, 
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^Crgy by means of a 
en^ aperture, Buck- 
ing out the natural 
contents, and then, 
after subcititatmg.dsh 
spawn, dose up the 
opening. The egg 
thus manipulated is 
placed for a few dayb 
under a henl By- 
and-by the liheU ia 
brokeu, and the oon- 
tenta are placed in 
a vesael m wate, 
warmed by the heat 
of the ana only ; the 
egga apeedily burat, 
and In a riiort thde 
the young fiah ace 
abk to be iraaeborted 
to a lake or river of 
ordinary temperature 
whka tiiey are, of oburse,,left to growto maturity without being 
furtiLcr noticed than to Imve a Ifttie food thrown to them. Thia 
wondarfia hth and agg jPfmaa k auggeative of the fact that 
all our In waat Britain to Imitate the boasted auooeaa 
of ih# phiikk k rearing of fowk by artifloial l ao u ha ti on 
havefaak^kJkooalf gunav^ ^ 

It haab^lma^^ obamwsd tlMKttiie gnaO merHbf 
etifhiklk M it uaakd abd of Iteadt to miudctiid } 
^ are kava ofhaea |d oentend for tim 

honornf^ tim m hitmduoelkiiik 

toohriNktake^^ Bfkg^iMr 


Bwa. tro Funi.— 1. Boxes for artifloial salmon rearing. 2. Egg, showing oU-fkbals. 
a Toung Utii, thowiiif nmbOiCsl bag. 4. Young salmon after bsiiig frnsd brooi bis 
nmUlissl big. S. Toang salmon fully developed. 6, Method of taking eggs fiow- fl|b. 
7. lEUir pendl for taking iish Irem egg. 8. Bmsn perforated shovel lor Bfttag the 
gdi flint haMme to tiniiafer to the nou^ streams or anzsaiy. 


atreams. and 
oially with the 
Bupi^ea of 
native rivera; ,aad 
better tiian thatitlMy 
aet about to diaearvui 
a remedy. 

It waa about the 
year 1841 they eom- 
menoed to bbaerve 
carefully ke hahiti 
of the trout, and k 
the month of Novem- 
ber of that year, dur- 
ing a full moon, they 
passed night and day 
on the banka of a 
river, never for an 
instant losing sight 
of these flab, and 
watdiing moat in- 
tently tiieir pce- 
paxatioxu for kyiiig 
and preeenring their 
egge. 

The reautta of their 
observationa 
these.* 

“The trout 
together in 
and choose a * 
with a gravelly bot- 
tom aa ^ beat plaee 
to lay their eggaii 
They did it in a mwad 
hok, aometimes *01 
the depth of aa»vna 
inohea by three In 
diameter ; they pikee 
in tlm mid^ol tiua 
apaoe, parallel with 
^ euxmtk a lineal 
stonea, the aiae el 
i^kch varias with tim 
rise of iha fltii* Tho 


over the hno of atones, gBding over, rubbing agalaat, or 
upon them. This ahe does again and again, some twei ^ 
thkty times, till her egga areaUlaidintheerevieea of ilia giiwOL 
“When the femak has done this, the mak in tim fame 
manner* by pasaitig over and pressing upon the graM^fliditi 
the milt, or soft roe, whitii otmm and f eoundateO tlk 
then with ta^ ika, head, and belly he 
managee to eever the eggs with graveL 


vm M. oedaaiidi fapeat 
debia. 





THB IlKHlMlOM. 


ii^ the mm xumm 

Um irit^ i^d 

Wm ^%iaidki$oto ^lObK f 0ii«riX^ 1uk|^p«^ 

0iAl d^yi, AtMMfledNr to tho luunW of fUilii an inilta In 
Koapiiiiir atonal aaid ^tal In tooimdi npon l^ aggo, in n 
tonn^ xaiembil^ 

^Tha aggi Tamain In thia way lor a uontli or two ; at tha 
and of iliat lima, whi<di H. Ikliin conld not praoUely determino, 
t&a HtlAa d4i appaor about the aiae of plxu^ oome out of thdr 
b a t wa an the intaratioea of the giayel, and aedc in tha 
tratu|tdl watara near the ahoraa a plaoe of aalaty. 

** Haring Ihuagot an inaiti^t intoKatura'aaaorata, it ramainad 
to diaoom a mode of rendering th«n praotioallj naeCol, «id 
not until uuaj lailuxaa did Owin and Bemy hit a aura 
prooaaa*** 

It waa naoeasaty at that time in France, if not now, in oon- 
aaquanoe of asritem of oentraHaation existing in that country, 
that diaooreiieB, to be known at all, ahonld bare Parisian and 
gorrammantal sanotion. So it is anrpriaing that this one 
ii artiflcial flah oolture remained unnotio^ and unknown until 
1840^ whan haying ohanoed to oome to the knowledge of Dr. 
Haxo, a abientxftc man residing in the same department as the 
two ilahairmen, it was by him oommnnicated to the Academy of 
Soienoaa at Paris in a paper, whidi oansed a great sensation in 
that learned body, and hence the foundation of the College of 
France under the management of MM. Coste and Ooumes. 

Thus public attention was called to pisoionltare, which may 
be briefly described as the art of fecundating and hatching fish 
eggs, and ci nursing young fish under protection till they are 
of an mga to take care of themselves, and the aubjeot waa 
eameatly taken up in France and Great Britain. Mai^ works 
by as many different authors were published on the subject, 
notably tbose in France by Coste, Godenier, Haxo, etc. ; and 
in England by Shaw, Andrew Young, Boocius, Francis Francis, 
Frank Buokland, Buist of Perth, erto., and shorter essays by 
Hcroral others. To show, however, as a contrast to this ready 
and active adoption of the discovery in France, the apathy 
witii which it was received in America, Mr. W. H. Fry, writing 
from New York in 1854, says, ** Pisoionlturists on this side of 
the ocean are beginning to wish for light, but none was to be 
had; and proving how slowly the knowledge of great truths 
sometimeB travel^ ^ot a copy of any of the publioationa which 
have met with so much attention in the mother country is to be 
found at any of the booksellers in New York." 

Bertram aaya some dispute the riaima of Franoe to the 
honour of this discovery, asserting that the peasant Bemy had 
borrowed his idea from the experiments of Shaw of Drumlanrig, 
who had by the artifioial system undertaken to prove that parrs 
wm file you ng of the stdmon. But the honours may be thus 
divided. Whether Bemy knew of Shaw’s experimenta or not, 
let Scotland have the honour of re-disoovering pisciculture aa 
an adjunct of aoienoe, and Franoe the useful part of having 
turned the art to commercial uses. Shaw in 1840 published a 
very valuable book upon bis operations,* in which the discovery 
that tbe parr was the young of salmon is folly treated upon, as 
mcilae was the intermediate stage of salmon. Since these days 
ihe obaervationB of Mr. Milne Home and the Tweed Fiahary 
Commiaaionera in marking fiah have added much to ^ know* 
ledge of our migratory SaLnonidie.t 

Aa tfala prooesa has since Gehin and Bemy’s operationa under* 
Iron* certain alterationB and modificaiiona, without, however, 
■ftsoting in the least the grand basia of a principle they so 
deflUiitely laid down, we would ratiier refer to the modut qperandi 
at preacnt poxaned than to ibe past. The beat mode of hatch- 
ing egfii the rieaneat and least egpenaive, is that wlii<di waa 
adopted by & Ponder and BIr. Frank Buokland (and waa 
Ibrmerly primtised by Mr. Franoia Francis) at Hampton, and 
at the Museum of Eoonomio Fiah Oullinre, Kensington. 

; Artifioial iQMMhilng for salmon is very simple. All that la 
tequliud ia t6 obtri^ aa many female fiik at apawneri as aare 
deemed auittciint t6 produce apaihi enongb to reatoce the river. 
Baas* imrics of pratenrion tell ua Ibat the malea are more aoaree 
than the female* | bnt esperimoe^^^^ teach us the 

fimarieisbW fact, that a m mi g at ell aalmbnandt^oiitapawaixm- 
'Mi,1ba *otttanta ol ill* natta will be Ibund to oont&i aarea 


* Jdim and Cbariea Black, XMUi^ 
*1^^1laim«nei4^ Bhnkweo^ IW. 


eoclia to one mou TUc to, :w6m to be nbearved tiMiee 
xlvira in whnfii the weir etope the lUh ftom aeeetding bate tk* 
moce ample and mom xiatUMU^ a«4 eaneeg^^ **aapf* 

able epawnhBg^grmm^a* 

togetto, and aa tim fiah paaimt bi4d wr apaiwa when fuBy 
ri]^ th^ fight and hustle each other for an appropiriate i^teoei 
and in inia way not only fra th* ova aoattaKed abont^ aaad pa. 
moat inatancia entixily wasted, but Iba fiah are anbh iniured 
by fii^bting, and aeldoni or never, aa i* well known moat 
fith, recover even from the slightest bodily fieah wounds. Banoe 
the great pnportfnoe of salmon laddm to admit of their vaaoh- 
ing a greater field of operations in whioh they may begin and 
^sdaUx their interesting and profitable dntiaa wx^ut hindianee 
or molestation. 

The principal thing to attend to ia to take the female at the 
right time, and this is idien she is working high up stream i 
for though some, femalea return nearly ready to spawn, the 
greater number tnake for the ^[iringa some time before they are 
full gone, and ripe for parturition. You may easily know when 
a fish is full up, and in odndition to have her eggs taken from 
her, by looking out for the redness and pear-shaped prokmsion 
of the vent; and this mnst be partioulitfly attended to, or 
the mother may be destroyed in the operation. The small fish 
are the first to spawn. The larger ascend later ; but it is always 
advisable to obtain, if possible, a young male andan old female, 
as the brood are always the b^. 

Artificially loed n^on are always round and big-headed 
oreatnies, no noiatter how handsome and small-headed the parent 
fish were from whioh the ova and milt were taken. 

In migrating time the young become aa wild as nightingales, 
and attempt to leap their barriers. To prevent injury and 
loss, boards slanting inwards should be plao^ so that they may 
fall on them and be thrown baok into the water. 

Mr. Buokland, in his report upon the dootoh Salmon 
Fisheries Inquiry, 1871, and whioh thus tar applied equally to 
other parts of Great Britain, said the oonolxurions he had arrived 
at relative to artifioial breeding of salmon were briefly as fol- 
lows: — "Firstly, that the pUm of slate or wooden breeding 
boxes placed one above the other, and fed by a half-inoh tap, 
is much preferable to boxes let into the ground. These boxes 
should contain almost one-third of their depth of fine gravel ; 
the gravel ^should be well washed and bciUd before bring put 
into the boxes. Covers! of wood should be placed over the 
boxes to keep out the light, as light it wn/ovourohle to the ger- 
mination of Ike ova. ^e great advantage of these boxes is, 
that ti^e eggs can be counts into them, and the yonng ones 
counted out, so that the result in ^e number of fi^ hatched 
oan be clearly known (of course taking stock of the addled eggs 
removed), a matter d great nnoertainty in the rough out^-door 
boxes. Tim eggs oan also be easily removed as they die off. 

" Seoond^. ihB yonng fish ahonld be turned out when the 
nmbilioal bag is nearly absorbed. They should never be let 
free in ponds or ai^bii^ iqiproaobing to stagnant water. The 
best plim is to put them into cans, ^e watw of which should 
be kept ood during tiie journey with ice, imd send them to the 
upper waters of l$e tributarieB of the river. Y-shaped weirs 
diMofeed up stream should be built with the atones in the stream, 
and a large stone, slate, or oovering should be put over the 
arms of the Y, so aa to form a hiding^plaoe for the youtig fihh. 
From five to ten little fish should be put into ea^ of these 
artifioial hiding-plaoea. Fish thus turned pat grow xisttoh lister 
than fish kept in any sort of oaplavity ; they obtain of ikrir own 
accord the quality of food, and the anperiatendenoa of a man ^ 
lode after the nttraery ponda ia saved. 

t The use of lifia m the aptwa-bcaa* is to p rer m t watar>low3, kfng- 
firiiers, and herons from peeolatioii, and keep the paying ooricrily of 
indifidnals from dikiartitiif the eggs, whieh It p ret t y am* to end 
In thrir becoming addled. Many oftr-wim eg p a rimentla ti wonder 
that the reaalts of tlirir exertioaa are not as aooMaafni a* ottm*; 
but we thisik it eaube *bcwn that, after the first peOeesa ia oampleted, 
the less we medde the Setter. It nwiy b» aiaeanit, of mm, ooea- 
afonii^ to remove the adeM egia, but thii Shonld^ dona ai qdeltj 
aa poaeftile. ptfia trill aaamt thalr iiita, and s^ 
rahtita wifi daronr lliair progeny ; and otana tnoghiriy MppspotBrnus 
wffi nd* taaSrir aSbrnlt to her* Imr do^^ a ttan gS fn ta to Pried 
Into, even gram iurian^^ todigmrilto d onto 

. nanoo, aa i * toii ia i :'.toria ■ gatHi it at 

Ito i<riiml to torn bm imgtoitpto 






m hi.^to.wpi* fa 

U,aa, Jl^_0t 

«riH^'.iMHlnr mm mm vlnu* tifam fa % jtbfam' 

lit' t/uKtt 'mtu-i00ir'ltiim- fawnfb fa^fitol fa*''i«|Buifa So*' 

faiUrfaifa fair 

•iod ii|g^ li! 

•* iSftkimfd oMaraetim or oren pnioll muterliilli in 

pdcfo^ lEWfdottt aavUgr roodorod itTal^lo lor tMtoliioff 

dflik pbfltruetdon, ihoy ohoold Im 

aettod oot mm m poc^ bebir, their eggi tahen torn them, 
and retomed to the rii^$ the boxea being arranged bj iibe aide 
of the wet^ail, e leaden pipe with e atopoook, can bo etwfy 
introdneed Into the water above the laU, and thua be made 
araUabie for the feeding of the boxes*" 

A paragraph in thia admirable report, one of the most 
thorons^ praotioal and interesting wboh has ever emanated 
from any brard d piaoioidthre, fnlly ooinoidea with oar own 

Though I adveoate,^ said Bueltlaud,* ^^the multipU* 
cation of salmon by erery possible xnaana, I do not for a 
mommit wish it to be imagined that artifioial breeding of salmon 
can erer be of as great importance to the riyers of Scotland as 
the opening up of 6esh spawning-ground by the removal of 
cbstruotions, natural and artidoial, provided that the fish were 
pimply protected in waters so opened up.’* 

gravd should be about the sise of large peas, and the 
proportions should be one-third gravel to two-thirds depth of 
water. The dead eggs are beat removed with a wire forceps, 
which should be done every day. The current of water should 
be gradually increased. Pisoio^tnrists differ as to tbe best time 
of taming out the fry, some bemg for doing so before, others at 
the time, and some few after the umbilioid bag has been 
absorbed. The upper waters of natural streams in which the 
depth is not more than a foot or eighteen inches form the beat 
nurseries to the young fry, but they should be regularly fed 
every evening, not in fhe middle of tbe day, as they will then 
refuse their food, audit will fall to the bottom and become stale. 
Henty of wateisweed should be placed in these nurseries, as 
they produce aquatic insects of which all fish are very fond, and 
on which they live and thrive. It is necessary to give the fish 
hides to go under and through in aU stages after they come 
out of the egg. The hides can be easily made with pieces of 
common roofing slate supported about two inches from the 
bottom. The &h will invi^bly be found to congregate under 
them. The same water which runs through the boxes will do 
to supply the nursery, which is better out-of-doors than in- 
doors. Water-cress l^ds are above all things most suitable for 
bringing up young trout. 

But those who wish thoroughly to understand Mr. Buck- 
land’s apparatus should endeavour to have ^ opportunity of 
exMnining it in full working order, when possibly there may bo 
seen one, two, and three-y^tr-old salmon and trout in tihe 
nursery, and in another box, perhaps, salmon of aix years of 
age. l^ere ate boxes which will hatch out 3,000 fish. This 
desoziptbn of apparatus has been at work for many years at 
Windsor areab Park, where the best results in practice have 
been obtained by the stocking of the Obelisk Lake with trout. 
It is interesting to know that fish have frequently been caught 
there with a Hf-vbd. These experiments, or rather results, were 
duly oarrM "ouh by Mr. Bnekland imder the direotion of 
Prinoe Christian, ranger of the Park, and Mr. Mensies, 
the deputy-surveyor. I^e eggs in general have been supplied 
from Httnisvtton ; but as tlUs lamoos pisdoultural eitablish- 
meut was turfied into a stable to tbe Prussian oavilry during 
the late war, other eounoee had to be sought, and were found 
wilhout any diffieulty. The restoration of Himinguen and a 
re-oonMnua^on of ^its opsraldoas will be tou(fiied upon pre- 
sent- Mr. Bnok&nd ako obtained many eggs from Aberdeen 
and the Oetnet in Kerthnmberlaiid, to hs was in the habit of 
visiting other in to winter months, sad per- 

sottiBy ogmM^thie nito ^ 

When to^ybnng to iwt ready to see to world, they 
wto tot from Kito to tofievto* Wy^ Usk, Axe, S}xs» 

too vartoc wm 200 to 500. 
Tto ttoid to tok-osn*. . A talmon naught iu to 

Iby, wlto wiM ito tbboA to Mr. Bubk- 

t h i > ; I II ■' - .. 1 11 1 1 1 , unv ,, ,. ' i m .....i l- 


tod a# a fry* Mm yoong .fiabsa wum kept in Lonto to 
to^ to pcQlto* ^ ito toe trout to 

obtitod Ito Btohto lake in Switsertodi toy see itot 
omwlien to ^k visible in the egg. itom great Ito trto 
see fboiid to grow letter und laeter* and todvo better ton any 
other Mttoitoa 

fiinrilar apparatus more or less important to toss at work at 
Kentogto are and have been in operation for to past lew 
years at toltoeolMartorcnigh’s, at Blenheim ; Xiord Kreter*s; 
the Esrl of Btsmford and Warringioxt's ; also at to Hon. W* 
FltswUbam’s, where large munbers of salmon have becoi hattod 
and tnmed into the Kene. The Oanter^^^ epmmissinns of the 
Stoiu, end Mr. Cliiford, constable of Arundel, have Btoto 
availed themeelves of the lihe mode ; the latter, however, wo 
are sorry to say, with indifferent success. The saltno foriutiuHt 
at Kensington were sent as ova by Mr. Seth ^Ireen, of Kew York. 
They have done well in the nurseries. Mr. Bnekland also 
received hybrids between oharr and trout from Sweden. 

We have mentioned the umbilioal bag. This is found at- 
tached to the belly of the young fish, when it quits to egg, and 
is sitnated between the pectoral fins (Fig. 3). It contiSie oil- 
globules and albumen, and serves to nonrto the fish for at least 
six weeks. When it is absorbed, the fish begin to feed, but not 
before. Often the little fish stick in the egg, and have to be 
helped out of it, nddoh can be done by the delicate manipulation 
of a hair pencil (Fig. 7). Some trout eggs are the oolonr Of 
barley-sugar, and some of brown barley-sugar. After tbe mix- 
ture of the milt, toy have a bloom oome over them, like that 
of a peach, and th^ likewise become slightly adherent to to 
stones about them. Q^ie oil-globnle in the centre of to egg 
can be seen from to first moment (Fig. 2). The test of a ripe 
ef^, says Mr. Bnekland, is this ; ^ mouth, mid if 

you can orush it with the teeth it is not ripe ; but if to cover- 
ing of to egg feels hard and homy, and slips away from 
between the teeth, the egg is ripe. 

After tile eggs have l^en toen from to fijdi (Fig. 6), to 
parents will be found faint, and to manipulator 

must be very particular in holding them for a short whHe with 
their heads up stream, and slightly raised, that thqy may 
receive tbe revivifying effects of the onrrent, or th^ die, 
and to curator reoelve discredit from the owner of to fishery. 

Years since, when to subject of poUutions was agitated, and 
the unavoidable consequences which must result from to con- 
version of our rivers into cesspools pointed out, those blindly 
ignorant, wilfully perverse, or selfishly interested, designated 
tauntingly the cause of the advocates of puriiy wi^ to 
intended-to-be derisive term of an "angler^s question." No 
greater oompliment, although not purposed as such, Oonld have 
been paid to to contemplative art. It was indeed an angler’s 
question, but not solely so because it was a question that con- 
cerned idl classes, to consequences of which mnst sooner or 
later oome home with ornshing force to tiiose obstructives 
to to cause of cleanliness, who had hitherto opposed every 
sanitary effort, and maintained their will until they themselves 
hi^ to abandon their own dictum or hold their tongues in to 
midst of to deplorable state of things toy had done toir 
utmost to oreate and perpetuate. As to importanoe of to 
purity of our atreama waa an angler’s quostim, so was fish 
onlt^, to one be^ inseparable from the dher. And as to 
subject of permitting our sewage to enter our rivers grew in 
ma^tude and impo^noe, so did tbe anxiety not only of to 
aufi^er inoreMe for to safety of to fish ; but to Legiilatmce, at 
length arouM to action, stepped in and declared tl^ polintion 
should no longer go on ; tot whatever to community did with 
its sewage, it should not he oast into the waters to defile an 
element of vital oonsequenoe to all. Thus to to angler’s 
gratifioation, to people’s food, and to healthftd character of 
to water thousands are compelled to drink in to state im 
which they find it, became intimately blended, and, as in most 
otor cases, to good of to unit bsoame to interest of the 
many} andto tot that a wrong ostoot be done to one witiiout 
affsoting aB, toeired another iUustnation. 

Fkb otdtnxet is tre have sid^ Is not a questto 6t a»|to 
only, but of to hedth of tbs peo|de, partioutoly in tofe 
thMi whitn todtol inysi%t^oiis show that to gm^ ii 
ohbtoa and othrir dtsetos 'tab tanied and disiemlaaM by 
wester, no ambimt of filtratkm wiU get rid of. , AH to 
tdwim tost any AstabBtod irato empm be placed 
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iiitd«r Injidio^aii and ftt mioa. Nd pfaik for tune oer «copM loar 
thould be »lfowed fo pnrvilL 8e««fe d Misr 
eleei, r^nia of bteaohinge of peper or prinibUiff 9i0ii^ ilit petocK 
learn on libe Dee at Cbester, tbe fUr OTtringe and pteqpiaga of 
Sootlaad; the di^bris of the lead minee npon the Wekh xifen, 
the China olay of Cornwall, the eeparto waehinga of our ptilp 
faetoriee— 'indeed, idl and etery abominatbn or enbetanoelda^a 
to watar-'-ehonld not bo pennitted to enter our etreame and 
risers. The practice ie monetrone end nnnaforal, and la fraught 
with aeri > 0 ^ i ijttry to all, and should be stopped at every has(^. 
The hoxijat, the fairest oourse is obvious. Lot the manufaotorer 
pat the water back in the same state that he reoeived it, or 
deny him the privilo^ of its use. That he can oom|dy vdth 
BBOh reasonable conditions is admitted evetyirhere ; it is bat a 
matter of 6x;)6nAo ; and it is but just that saoh expense should 
foil upon those whofoenedt oj the use of the water, and that 
neii^er those to whom the water belongs in common, or the water 
itself, should suffer injury for any fodiridual interest. It is 
to the credit of some mine proprietors that they hare adopted 
oatoh-pits with gmt success, and Tavistoolc may be instanced 
as an example which must shortly be followed elsewhere. The 
**hush" or lead water in the Glouoester Severn and Durham 
Tees is still very bad, and thousands fish are annually 
destroyed by tliis staff in the Kibble, in oonsequenoe of which 
the Ho^ider is now the ohief spawning-ground. It has been 
urged that pollutions to a certain extent do not kill fish ; but 
editing this, it cannot be denied that they keep the salmon 
back, and thus decrease the rental of waters either from net or 
rodholders. It con nerer be too strongly inouloated, nor too 
often repeated, that the presence of fish is the best test of the 
pnrity of water, and therefore the more salmon our rivers con- 
tain the less will be the returns of our oensns of death from pre- 
ventibie causes. 
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STEEL. 


DZSTTNOTION BETWEEN STEEL AND IBON — CEMENTATION— 
BLI8TBB STEEL — SKEAB STEEL — CAST STEEL — TEMPXB- 
INO — CASE-HARDENING — CASTING STEEL ON IBON — 

PUDDLED STEEL. 


Although steel is so familiar an article in our household 
economy, and is daily hand.ed by almost every one from the days 
of their childhood upwards, it would puzzle most people to give 
a definition of steel, or to say wherein it differs from iron. In 
pomt of fact it is not altogether easy to give a definition, though 
as to some of its properties the distinction between it and either 
oast or wrought won is very marked. Those which are peculiar 
to steel, and which impart to it a special value, are its high 
elastidity, and t)ie extreme hardness which it can be made to 
pcwsess by undergoing the process of tempering. 

It may perhaps be beat described as a carbide of iron, or a 
oompound of iron and carbon, the proportion of the latter 
ranging between about 1 and 2 per cent. In the previous 
articles on iron, the presonoe of carbon has constantly been 
noticed ; but there it will be found that the per-oentage of oarbon 
in pig iron is greater, and in tbe malleable iron less what 
seems t^ be requisite in order to constitute steel. 

At first thought it would seem therefore that steel could be 
produced even more readily than bar ironi but as a matter of 
praotioe this is by no means the case. The imparities of pig 
focm, which are only expelled by the expensive prooesses 
of puddling and forging, are still more objectionable to the 
worker in steel, and therdore the ordinsry plan of mAH'n g jt is 
to take the very purest malleable irons that can be obtained, 
and re-ossbonise them, in order to restore to them a portion of 
the oarbon which they have lost in the previous stages of thdr 
manufwitui^. 


Sheffieid is the great centre of tbe steel trade j a^ for th 
purpose of tlii-s foanufaoture the fineet iron is always used, h 
far the greater portion being imported from abioeA Bnghin 
moot pretend to compete with smue other eonatrles, such s 
foreden and Russia, in the production of such fron as is require 
fo the making of etehl, because it must not only be mad 
from the very purest ores, but must also be enmited with <duu 
cosh Engird does, however, not only eompefo with, but exoe 
all other nations in the qiaslity and of har Shsffi^warm 


The bs^dnary prooess of oouvsstfof fosti is ijy eapasfitiitlon, 
prodiioIngiHuitis ooaimohly khoiifoall^^ dhMMli 
both ifosiw and cast steel ate subssqum^ ihadiii itm lomer ul 
these is used lor the inf erior cut^, and the late for tha 
superior, such as rasm, penknives, sutgima insfouuisntia te 

Steel can be produced by direct prooefo from east iion, ihoii(|b 
not of the quality required lor the purpcees above nam^ Sis 
plan, however, is largely practised in Oermany and Austria, whave 
the oouditions of its manufacture are mme favooxable, as they 
have ores of the best quality and abundance cf tebw. 
so-called Bessemer steel is made by only a slight modiftoa&mcf 
the pfooesi described in page 29fi, producinf a metsl d inforte 
value, but very useful for oartsin purposes, stufo as tbe mauafoo* 
tore of railway bats, and as a substitate tie iron in shipbuilding; 
Several other processes are also adopted for puddled 

steels of the same class, foom both pig and wrought iron. 

The converting furnace used in cementation is generally oon* 
struoted as shown in Eig* !• The bars of iron to be operated 
upon are laid fiat in the trougbs, A A, the bottoms of wlfioh are 
first covered with a layer of pounded charcoal (called oement> 
to tiie depth of about two inches, and then each sucoessive layer 
of iron is separated by one of charooal about half an inch thick, 
until the trough is nearly full, the uppermost layer d oement 
being closed down with an impervioua ooating of olay, or of 
sand mixed with iron filings. As soon as the charge is com- 
pleted, the man-hole, b, is closed, and the furnace, D, flighted, 
when the heated air, as shown by the arrows, passes up at both 
the sides c, c, and ends of the troughs, and fills the va^t above, 
before escaping by the flues, x x, into the chimney. The tem- 
perature should be kept up at a bright red heat for about seven 
to ten days,, aooording to the description of ateel that may ba 
desired; the fires are then put out, and the furnace left to 
cool gradually, which oooupies some days. When the metal ia 
taken out the bars are found to be covered with blisters, from 
which oironmstanoe this kind of steeThas derivea its name. 
The quality of steel produced is judged by tiie appearance of 
its fracture, and it is assorted aooordingly ; the quality is found 
to depend very much upon the tempeiatnre of the fumaoe, and 
especially on the evenness with which that temperature haa 
be^ maintained. 


steel, like wrought iron, possesses the important quality of 
being weldable ; but its capacity in this respect is invenely 
proportionate to the quantity of oarbon it contains. Before 
utt^pting, therefore, to weld togetiier two pieces of steel, it ia 
desirable to ascertain that they are about Uniform in point of 
^bonisation, or a good result cannot be expected. Advantage 
is taken of its capacity for being welded in the manufacture of 
shear steel. The blistered bars are broken up into short 
l^gths, made into a fagot, and bound together with an iron 
ring attao^ to a long rod, as shown in 2. The end A of 
the fagot n raised to a welding heat in a ooke fire, and then 
beaten and drawn out under a tilt hammer, in the some way 
that malleable iron is forged ; as sexm os that is welded into a 
solid bar, tbe other end of the fagot is subjected to tbe 
treatment, and a bar of shear steel is the res^t. Sometimes 
the bar is cut into two pieces, and these are welded together 
again, in which case it is called ** doable shear.” A Utks 
is always sprinkled over the surface of the fagot before it ie 
hwt^, ia order to form a glaze, and so proteet it ten oxidatiofi, 
which would involve a loss of some of the oarbon, and tend to 
reduoe it nearer to the condiiioa cf oommon malleable iron. 
Even with the greatest care some email loss of oarbon will take 
place, and consequently shear steel is always wrought more 
easily than the blister from which it is mode. 

Owt steel is produced hy melting bHster steel in eaxtheu pots 
or crucibles without exposure to the air. The great objsot of 
doing this is to obtain a perfeotty hcmogeaebtis article^ such as 
oan^ attained by forging. This is absidtetyneossaaiy te 
mkin g instmments which are to possess the keenest e^|es, .at 
the smallest flaw or uneveunets of quaUty ivoidd comifiete 
deste their value. The crucibles md fer thfo purte are 
to bold ^^t 4Q lb. of steel at a and aseaohof tem 
will only stand three melange, the making of the pots themselvea 
.fqrms an important part of Ike moulded 
out of va^ xelsaotory elayi wel^ joamded iiitt a smsll admix* 
frnre of old gronnd pot and coke*diitt, and when made are put 
foto a hete chamber fo V 
lor use the cruefok is placed tu s sniian friiaiasj 
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*^i2bw iT proow* to whioh vteol is ■ubjsotod, whiob 

^elop* on* of it* most tslnabk <pi*li^. It i* tt» temporing. 

booom** intsuBoly Iwtfd by being b*oted to rsdne**, nnd 
then * o dd**"?y oo^ ngaiiPby iounsrsion in cold water, oil, 
norqnry, or other Uqoid* 

Ha?kg ^n* been bro^ht 
into this tacy bard oondb> 
it* hardne** i* then 
tempered by a repetition of 
the pxooo** only at a mnoh 
lower temperature. The 
hardness of the metal will 
then be in inyerse propor- 
tion to the amount of heat 
employed on the second 
occasion. Thus the best 
aorgioal instruments, which 
require the highest temper, 
are only re-heated to 480*^ 
or. 450^ Fahrenheit, good 
cutlery to 470® or 490^, the 
larger cutting tools to 510® 

springs to 550® ; and saws 
to 500® or 600®. 

In this operation the 
workman may be guided 
either by the temperature, 
or by ihe oo;<mr of the ste^. 

It is essential to good work* 
manship that ike metal 
should be heated uniformly 
throughout up to the pre- 
cise pi^t required, which is 
most eonyeniently done by 
immersing it in a bath made 
of some artiole whioh has a 
suitable melting or boiling 
point. Thus linseed oil boils 
at 000®, the temperature 
required for ordinary saws, 
and can be advantageonsly 
need in their preparation. 

For lower temperatures a 
bath consistiag of a mixture 
of lead tin can be employed, the melting-point of whioh | 
varies according to the relative proportions of the two metals. ' 
Thus 7 to 71 psrts ^ lead with 4 of tin will melt at the heat 
required for the beet surgical instruments ; 6 to 7 part* of lead 
with 2 of tin wHI give the temperature required for good 
oakery ; 12 of lead to 1 of tin that needed for watch springs j 
and BO for&. 

The odour of the sted, is however, the most ready test, snd it 
is so duuraoiUristio that to sbme extant it must be familisr even 
to those who sre ignorant of how or why it is produced. The 
beauttful purple «Mr bine surfaces of axes and saws may be 
observed on liking in at the window of any tool shop ; but ^ 
oven thediade d the blue or purple will toll the praotioal man ; 
at what temperature betwesai 510® and OOO® the different 
armies ' have be^ tempered. The other artides of 5ner^ or 
oosrser mdilexy alt exbfeit thehr ohsracteristie odour* before 
they are thoie most h^hly tekperod bslttg of a pale 

«t»aw>edO»ci, i^ k snoOdsdon iferough ydlow 
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mii^ ef imitklieBk^ toab^ eedlikt.*adiibae|a#^ 
sOB^ydlow pmssiate el potaab (Cerroeyanide el 
potssst^ reduoed to a powder is sprinkled over It. 

Another plan Js to coat the iron while opdl with a thin paste 
ffMuift of tiie Meae salt mixed with a little day, end when ^ 
raise the metsl to a white heat, and then when it has cooled down 
agak to a red heat,' plunge it k cold water. The prusmate of 
potash is deoompossd in either case by the heat, apd the carbon 
(aeaieted perhaps by the presenoe of the nitrogen) enters into 
oombination with ^ mstd, converting its surface into steeL 
Keys and many other articles are often case-hardened k this 
way. The nitrogen contained in the cyanogen seems to piny an 
important part k effectingthe conversion ; and some metaliur* 
gists even oontood that it is a neoessaiy ingredient of all stedi 
though if such be the ease the quantity is so small as not k 
be estimated with certainty by analysis. Iron may be heated in 

the presenoe of carbon in a 
vessel from whidi all the 
air is excluded, without 
steel being produced; nor 
will iron oe converted into 
sted by beating it in an 
atmosphere of the hydro- 
oarbcK^ alone ; both these 
facts seem to favour the 
supporters of the nitrogm 
theory. Case-hardening will 
also result if iron be heated 
in the presence of horn shav- 
ings, old leather, or any 
other such nitrogenous com- 
pound. 

A steel casting may a^ 
be made upon a foundation 
of wrought iron. For tins 
purpose the iron must be 
raised to a welding beat, and 
the surface dusted over with 
a little borax to prevent 
oxidation, and while at that 
.temperature the molten 
steel must bo poured upon 
it. On cooling they will be 
found to have welded 
gether, and the union- is 
perfected by the usual pro- 
cesses of hammering and 
rolling. Under proper ma- 
nagement the join will be so 
complete that the two por- 
tions cannot be again aepa- 
rated. 

Having now described the 
ordinary mode of preparing 
and dealing with the finer 
qualities of steel, it remains 
to consider some prooesees 
by whioh a lower quality may be produced in much la^fw 
quantity, and at a more moderate priw ; and also to speak ci 
some of the uses to whioh this steel is now being put on an 
extensive scale. 

In this mannfaotuxe pig metal or old iron is used, and meet 
of the plans adopted are actually only modifications of 

^^'^Inmatog the steel direct from pig iron, a puddling 

similar to ttieotdiimiyoim described in page 274 maybe^; 

and the prineipkl difitereftoe in tiie working 
always moderating the heat by the ^damper, so that it shw 
never exceed the weldkg-point of ateel; in increaitog ke 
amount of olndit by the addition to it of some clay to ret« the 

eeoane of tSm carbon rsndkintrodnekg the charge of pig i^ 

STw insfcidmetA*, about one-eli^tii ^mg added the other 
seven^^th* have begun to imtit 

tioim » that the a<Aion k nwwh less violent than in pnddlteg 
km, and a sufildtoirt qoalitiiy df okbon is lelUn 
with the metal k ecsrfdrttt into steti. Ahttis^ ^ ^ok 
oxide et manganesek alsethrown intone furnace, the b^efldisl 
effect of which in temOfkg other Unpuritiee hM already been 



!ni0 tmll# fitrmftih gI pM xopdt luui l^tia 
found to h% «aihev more tban doi^le that of j^dled hda 
iron. 

A iteel not retj rich in cerbon^ bnt itIH vnlBdentij ao to im- 
pair to it ita distinctive qualities, may be prep«red from good 
grey pig iron, by the ordinary prooesa of pnddling ; oare, how- 
ever, b^g taken to keep the fumaoe fhronghont the whole 
operation at a lower temperatnre than that adopted in the iron 
manufacture. 

It will be eeen that in both these cases it is pig iron, and not 
refined metal^ — still less malleable iron — ^whioh is made nse of. 
The reason of this will be sufficiently eviclent. In every step 
of the iron manufacture the metal loses more and more of its 
carbon, while at the same lame it is being freed from other 
impurities, whereas the preservation of a certain per-oentage 
of carbon is the chief oare of the steel maker. It is there* 
fore important that only the best quality of pig should be 
used, or the steel when made may be found to contain so 
much sulphur, phosphorus, and silicon as to render it almost 
valueless. 

In order to obviate this objection old iron has been turned to 
account ; but snob malleable iron, though very free from the 
objectionable ingredients, contains very little carbon either, and 
it has, therefore, to bo re-oarburised by being melted in a blast- 
fnmaoe at a very high temperatnre in the presence of coke. 
The metal resulting from this operation has taken up a con- 
siderable amount of carbon from the fuel, and is then eminently 
suitable for the manufacture of puddled steel by the direct 
process just described. 

Another modification is hut the carrying out of a very old 
theory, which, however, was found almost impracticable until 
Messrs. Siemens’ regenerative gas furnace was introduced. It 
consists of melting wrought iron in a bath of liquid pig iron, by 
which a fair average quality of the resnlting compound will bo 
obtained ; while by duly proportioning the two sorts, and adding 
to it some manganiferous pig, a suffioient proportion of carbon 
will be supplied to convert the whole moss into steel. The im- 
portance of the gas furnace lies in the necessity of employing 
an intense heat to melt the malleable iron ; and of having a 
non-oxidising fiamo, for otherwise the carbon would be converted 
into carbonic oxide, as in puddling, and would be lost. 


TECHNICAL EDUCATION AT HOME AND 
ABROAD. 

Xin.-TECHNICAL EVENING SCHOOLS. 

BY SIB PHILIP HAONU8.* 

So far, I have given some account of the organisations that 
exist in Great Britain for promoting technical education by 
means principally of evening instruction. There are niany 
persona who consider the combination of factory work by day 
and of scienoe teaching in the evening as the best system 
of teohnioal eduoatiem for all classes of persons engaged in 
industry. They attach so much importance to the practice 
acquired in the workshop or factory, that they think the post- 
ponement of this necessary part of a technist’s training, until 
his scientific education is complete, to be harmful rather than 
beneficial to his future progress. On the other hand, it must 
be remembered that systematic evening study is pursued with 
great difficulty, that the time available for study in the evening 
is short, and that attractions of various kinds prevent the most 
diligent student from devoting ad his evenings to such work. 
Moreover, the mind is never so fresh after a day spent in the 
factory as if wholly occupied In the pursuit of . edenoe. We 
cannot expect^ therefore, evening daises to take place 
of the systemaiio instrubtdon which is provided in our higher 
teohnioal colleges. But, for the greet mass ^ ihe people who 
are engaged in prodnotive industxy, and who cannot afford 
to posl^ne till a late period of youi^ the uarning of wages, 
evening ^nstruotion in science s^ its sgqplloailtoi^ and in 
art, as well as in literature and in Other is indfie* 

pensable, and will, it is hfi^)ed» be more Aad^inoee M by an 
efer4ncreasing proportion of the lormr 

dev^ment two thmgs uOt ueoe*esiy< ha ithe 
eeiployers of labour onglU :to make it a eondltion In the [ 


engagebent of ybihg psrsoim tbejr ai<9end 
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taking appnntioes^ ^ eee tiiite ai^sbeUttnOi reosive in 
sucb olasM tiiatinstrud^on ti^h b tomer^ And under 
different bonditions of bduetry^ imperM tib thops; 

and in every fkotOryit shbiild be. the e^oM du^ of uome one 
engaged for that purpose to advise appi^entioes and young 
workmen with vespeot to ^he olaisea should abenA to- 
inspect reports ol atteudmnne, and to inteiUst himself in tiie 
progress of the pupils. In ttils way, employers of labour might 
oontinue under altered oiroumstances, at no great trouble or 
coat to themselves, to pmform the duty whioh in olden times 
was discharged by the master towards his apprentice, the 
Commissioners had this in view when , they suggested : “That 
it be made a condition by employers of young persons, Ymd by 
tbe trade organisations in the bas^of indus^es fbr trhioh an 
acquaintance with science or art is desirable, that such young 
persons requiting it, receive instruction iher^ either In 
schools attached to works, or groQps of works, or in such 
classes as may be available ; the employers and trade organisa- 
tions, in the latter case, contributing to the maintenauoe of 
such classes. “ ^ 

Within the last few years, there have g r own up, in all the 
principal cities and towns of the United Kingdom, evening 
sohooU in whioh advantage is taken of the grants made by the 
Science and Art Department for the teaching of science and of 
art. The majority of these schools have been developed from 
the mechauios' institutes, the object of which was ori^nally to 
afford instruotion to tbe working man in those subjects that 
would be useful to him in his particular avcoation. Althongii 
established with this object, very few succeeded in giving effect 
to it. The masses of the people were too illiterate te profit 
by such instruction ; and these institutes degenerated, in the 
great majority of oases, into places of* amusement in whioh 
concerts were held, and in whioh oooasionnlly popular lectures 
on scientific subjects were delivered. Gi^ually, however, 
under the influence of South Kensington, classes for system- 
atic instruction in various branches of science were started ; 
and as they were found to supply a distinct want, the number 
of such classes increased. As time went on^ laboratories 
were fitted up in these institutes for practical instruction in 
ohemisrry, and ooUections of suitable apparatus and models 
were obtained foe the teaching of physios and of meohanios. 
Every improvement that was intre^uoed into the scheme of 
examination or testing machine at South Kensington pro^ 
duoed a corresponding improvement in the method of teaching 
in the provincial centres, and in the character of the work 
sent up fo4.* examination. From early times, reading-rooms were 
attached to the mechanics’ institutes, and gradually books on 
poience, and on its praotioal appHoations, were added to the works 
on hiscory, travel, and fiction, whioh at first were the principal 
occupants of the shelves in these libraries. As the number of 
students increased, and their requirements outgrew the capa- 
bilities of these institutes, efforts were made to erect and equip 
science schools for the aooommodation of these evening classes. 
In the establishment of such schools, the grants of the 
Department already referred to were of the greatest service ; 
but local interest was awakened, and a large' proportion 
of the funds required wee supplied from Igoal sources. 
In some oases, the benevolence of an individual provided the 
necessary funds; in other oases, the money was laboriously 
ooUeoted by su^orxption, and veij often timely assistance 
was afforded by the Oi^ Companies. The addition of daesea 
in technology to those previously established in smenoe^ s^d 
the strong demand for teohnioal education which has been 
everywhere felt during the last few years, hastened the con* 
version of these meot^icB* in^itutes into technio|d sohods. 
Side by side with these schools of soience and teohndogy 
have arisen schools of art whioh haye had a still greater sff^ 
in improving our industries. Thess havs been established 
in all our great centres of hidusti^* sometimes iu the same 
building with the scienoe sdiooU eonietimes in a ;se^^ 
building, and in connection vdUi Iqcal museum. The art 
school has not abmiys gfadersd sudj esilhAa n ce inihe dsvdep* 
msni of the stsple the as ndiht he^e hesn 

sxpsoted firom it, owing meha^ to the ignersnee nf^^ 
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msk/jr^A in ikm mi<mi faotodei ethiled tbeaiae|#es to • 
gr^titer eKtsot of IdM ^^pOftoaidet pt inttnathu brought 
witbhi > their reeoh, art teoght oiore aad : more irtih a 
rUw to Its eppMoatbtmuid, it meg; now be esid/ timt whUet 
Sheffield pr^noes dedgners for inetel work, Kottinghemi 
tesitis its own leoe desigiieifi, end Bnrsletn its pottery 
deooretoxs* As soon as the mannlsotoren reaHsed the 
valhe of art ' instmetion to those in their employ, tiiey 
showed thdr interest in the progreee of the art eohool; 
and now, while eireiy important toim hae its art dlaeses, ihe 
art soheol of many of onr large hidostrial centres is housed 
in an imposing building speoially ad^Hied to the teaching of : 
drawing and peinting and modelHng from natural ohjeots, and 
from the Hring dgure* To more than one Snoh school a oonserva- 
tosy is attaohed, in whioh plants are kept and grown to senre as | 
ecfj^ for the students, and in some, but not yet in a sufficient ; 
number, of our sohools, prorision is made for drawing and 
painting from the nude figure. 

Of schools in which aoienoe or art is taught, and towards the 
support of which the Stiate, through the action of the Science i 
and Art Department, contributes grants, there are now, 
according to recent returns, 1,667 in the United Kingdom, 
and these schools are attended by 56,842 students in art, and 
by 72,861 in soienoe. Most of these schools are exolaslTcly 
evening aohools, the rooms being used in some oases dnring 
the day-time for the purposes of an ordinary intsrmediate or 
highsr elementary soheol The teaohers of these Sohoole have 
generally been txidned at South Kensington, and only a few of 
them have had a university education. At Nottingham, the ; 
evening science classes were formerly held in the Meohanioe’ In- 
stitute, and differed in no important partionlars from the soienoe 
classes other towns. But, on the opening of ihe University ; 
College, these classes were transferred to the new boilding, I 
and were placed under the general direction of the professors j 
of the c^ege. This arrangement was undonhtedly advan- { 
tageoos. University College, Nottingham, ia a school for the I 
higher education in literature and soienoe, and is intended to 
bring within reach of the inhidfitants of Nottingham and of the 
neighbourhood the advantages of a university training. The 
professors are men of promise and distinction, who have them- 
selves received a university education, and their wider learning 
and superior training give them a distinct advantage over tiie 
ordinary soienoe tether in the conduct of evening olasaes. 
Latterly, there have arisen many ooUegei in the provinces, the 
objects of whioh are similar to those of University College, 
Nottingham ; but in most eases the professors of those colleges 
confine their instmotion to their day students, and t^e 
no part in the omitrol or super^on of evening classes 
adapted to the reqnirements of artisans. I am quite certain 
that the ooUe^ for hii^ier education whioh have grown up 
of late,^ears in several towns wbuld become far more usefiU 
institutions than they now axe, if the evening, classes in pure 
and applied science, which ate feneraUy h^ in a Separate 
bufidi^ under the directioit of otlw teachers, could be affiliated 
to the college, and supervised % tiie professors. Nottingham 
has set an example in tikis veppmsi which should be followed by 
other towns. 


PBAOTIOALV APmOATION Of TBE FINE 
TBS AUy * dy 

By B. H . BszeaiOTrA BrcCeticr of BfUvrtagi College, Loudon. 
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'Idads axe beobniSim balder, endnao tiOMageach farlriawpeelaX 
oiUing a place intiie great hmmwmy el taste, and Hmt we ese 
not ijraid eitiier to imuate our aaoeetore of the best tiaua or to 
adapt their stylaa and their work toiheeidfeactiei of modemze- 
quiremeiits, these is no reason why tite gfase paiuttr should not 
claim a petition not only in the diuroh and eatliedra}, not only 
in the eiviU town«htil and the baronial ninBon«hoitse^ IMalso in 
the country xeotary and the modest town dwsQIhgrdtoitse. It is 
fitting, ci oDurse, that the guildhall of a great tiioi^ com- 
memorate on its walls and in ita windows such events of local 
history as are ooiinec$ted with the rise and advaneemEent of ita 
liberties and ita oommeroe. Many a Continental Hdtet ^ 
thus tells a tale of sturdy striving alter independence dr of 
successful enterprise, whioh otherwise would hare IsUen Into 
oblivion. The giasB itith its rich tone of deep oolouzing matches 
with the varied architecture of Gothic or of Bensissanoe. 

And the nineteenth century, breaking out again into a desire 
for architectural display and feeling, after a style which may 
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hereafter accommodate itself to the wants of a time of mixed 
thought and progress, has not bemi behindhand in seizing upon 
many of the arts borrowed from the days of former builders, in 
trying to catch the fire of old enthusiasm, and in handing down 
to its BuooesBors a heritage from which the latter may start on a 
new quest after the beautiful and the great. In this search the 
art of glass-pamting is one that must not be despised; and in 
order to adapt it to the requirements of greater works it must 
be utilised in these of minor Importance. The homes of thearis- 
tocraoy, again, whether they be of those who through long lines 
of famous aaoestora have handed down titles of nobility to their 
desoeudsnts, or of those minor magnates ytiio have lived rather 
In the hearts of their dependents and in the eyes of their en- 
vious neighbouri, fens fitting resti^-plaoes for those heraldio 
devioeewhitik tell long tales d geneidegloal development and of 
unstsised honour, dose upon the^ luH the country rectory 
ptiies its lets pretsutioushesd s but se the parson in Sbgland is 
usually a eoatral point from only a higher mvilisation 

ic ipsead sround, sud a more Bbml education permeates all 
tike tiasses of soutoty, but aSsp a more refined taste combats 
wdth the etivavagssA growing plutocracy and 

jmjftmm Its Issspnt npiim tihe titing rsee, so in his house we 
SBiEpeetto find the slemente ^ a refined tsste comlfined with 
atrict dbon^ lu tia rectory, then, we may mqtibt to see a 
Btile pieos of bid tweSfth-oentazy glass wqB leaded imd fxsmedt 




TBM TEOmflOAlk 


Mtd mdliliMi « moten wift* - 
dow emfiiQj cbom botk with 
to taljeoi and «ppaiiie. 

Itot it ii not alone in tbeaethat 
we to aee our art extended. ' 
oedmary profeesional man^s 
hoifUM built in the street of a 
busy town naturally abuts upon 
many an ob|eot that is not silto- I 
(;:ethor pleasing to ^e eye. Light 
requii^— the denser the popn- 
Jation the more does it become , 
a necessity and tiie greater is the 
difficulty in acquiring it, but the ' 
outlooks are not agreeable; we 
must hare windows, but we do 
not care to look through them; > 
we must look into the streets, 
but we do not wish that every 
passer-by should return the stare 
and beome familiar with all the i 
doings of our little home; we 
must light otur staircases with 
openings that front upon our , 
neighbours’ premises. In order 
to keep out the nnpleasing sights 
and the unwelcome eyes, we resort 
to the dull, colourless, light-de- 
stroying blinds, or we insert the V 
eo-called ground-glass, either plain 

or else ornamented (save the ^ __ 

markl) with a pattern of stars or Fi; 

flowers. How much more pleo- 

enre might be derived from the contemplation of one of the 
many species of oolonred windows than from either of these 
dull, lifeless, insipid transparencies! Blinds fnlly deserve their 
name, but a well-arranged window of slightly oolong glass, 
with a pattern not too formal, rests the eye, leads it on from 
one p^on to 
another, so that 
it is not fatigned, 
while at the same 
time it is em- 
jiloyed. Of course, 
care must be taken 
with choice of de- 
eigns and also in 
the carrying ont 
of thoee designs. 

Staircase and li- 
faiaxy each may 
have their appro- 
priatestyle. Ibree 
great requisites 
for stained glass 
windows ~ nearly 
luminous trans* 
pareney, good 
composition, and 
brilliant oolraring 
without Gonfu- 
don— may fre- 
quently be more 
effectively pro- 
cured, and may be 
obtained at the 
cost of less labour 
in snob windows 
as those we are 
now describing 
than in the more 
elaborate designs 
for public buBd- 

Lnmiaoas trans- 
paranoy may be 
dbtahmd byosre- 

ful idtet i o o to Eb 









- tho i^am o mpN a^ irmy 
many cam iUi may oondst m 
part of what la tedidcally 
oaOad white glaas, that la, giasa 
wHh osdy a might tim^ 
plain ooloar. Tadoua tmma of ' 
green htcKninf to blue, soma 
timea with a tmge of brown, but 
all more or leaf rendarad nnauit* 
able for looking dirough at what 
la beyond by air-bnbblea and 
roughnesiM of aurface. The 
choice of colour in this glsas ia 
highly important, and^ it should 
be made & refmence to the re- , 
mainder cl the pattern. In many 
oases the complementary colour 
to the bright and deep cdouring 
of the other parts will throw the 
latter into hi^ relief. But when 
a complementary colour is chosen, 
it should be remembered that the 
lighter oolonr must not outweigh 
by its quantity the depth of toiM 
of the smaller pieces. For in- 
stance, if small qnarrells of ruby 
glass are insert^ in a ground- 
work of a so-called white glass 
y which really possesses a greenish 
tinge, the green must be deadened 

. r ^ - (in colour not in transparency) in 

5. ‘ proportion as it is desired to make 

the rod look bright. At the same 
time the whole amount of green spread thronghout the entire 
groundwork of white glass, supposing it were collected in a 
small deep-oolonred pa^, must not exceed the total amount of 
ruby. Ibe weighing of these opposing oolonrs requires oon- 
siderable skill, judgment, and experience, in order to arrive at 

those pleasing ef- 
fects which mark 
the good colourist. 
When deeper oo- 
lonrs form tiie 
staple of the de- 
sign, then it is 
sl^ necessary to 
see that all these 
deeper oolonrs 
harmonise. The 
glass of one maker 
frequently will 
not rnn well with 
that of another; 
and even of glass 
made by tbc same 
man it is not 
always easy to 
obtain that which' 
from depth of 
t<me and oaHbre 
will give the meet 
plea^geflbct. 

Good oomposi- 
tion, of course, is 
a xieoessity; and 
it is more xsre 
tiian people ima- 
gine to And de- 
signs in which 
the forms are 
pleesifig to ffiie 
e^oatedeye; To 
a oeMn extent 
the nvinoipal 
Icanns m tlm 

of wddeli wo 

Imwe been i g e si ^ 

. 7 , ■ , - . ■ , , 
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UMtiioal, aiid iab oonfined to only n few geometritel figUMi. 

Dleinond-iltalped ponee, combined with oblongs of Tarioae pxo- 
portio»i» mteefei m n o e eeefl y fo^ 4he eteple of the adiepee withia 
whioh the jMKfetm^ must be dedgned. But having snoh a large 
proportioil ii etimight linea nainxally within these boundaries, 
we sludl lotdc for ourred lines of tarhms oharaoters* ^Dina we 
shall employ arabesqi^ grotesque shapes, and idealised forms 
at tatbml objeeta. Of come, it most always bo remembered 
i^t ihese forms can only be carried ont in brown or some rimilar 
and that only oolonr that can be added is tine yellow 
stain, bat these combined with ehspea into which the glass is 
ont <^er aOoni^Uerable amoimt of variety at the oommand of a 
ehilftil artist. Brilliant colouring without confusion is only to 
be obtained by attention to the laws of colour, whioh, of course, 
are the same in this case as in all others. 

Hersldio defines are frequently appropriate and, at the same 
time, striking and pleat^ objects ; they require, mcmeover, but 
a alight amount of kihading, and give oppm^nitiee for the in« 
trodi^on of quaint and antique lettering in mottoes, which in 
thia case may well be made so far difficult dt decipherment as to 
employ the ingenliity of the beholder without taxing Ida energies 
too far. The heraldio rule of never laying metal npon metal, 
nor oolonr upon oolonr, will generally prevent any very unplea- 
sant contrasts. The metals here spoken of are gold and adver, 
repreaented of course by yellow and white; whereas the colours 
oensist of red (a deep mby), bine, black, green, and oooasionally 
purple and orange. In giving heraldio designs, however, either 
some knowledge of heraldry is required, or very strict attention 
mnrt be paid in copying forma and colours from some given 
examples. It is so frequently the case that antiquarians, genealo- 
gists, and country gentlemen have some acquaintance ^dth the 
quaint laws and devices of this ancient art, that any attempt at 
letting the imagination run wild in suoh matters is sure to end 
at least as unfortunately as it did in the ease of the author of 
** Ivanhoe,** who, in spite of his olherwise extensive antiquarian 
knowledge, got into sore disgrace with the technical heralds 
for his l^on of the shield of the Disinherited Knight. 

We hope that the hints andilluatrationa given in these papers 
may induce many to attempt to decorate their houses with this 
pleasing style of ornament. We have not aimed at making glass- 
painters out of those who have never taken such work in hand ; 
but we hope to induce some to try those i)artB of the art which 
aro more within the scope of the amateur, and give others a 
view of the main difficulties that hedge in the art as at present 
practised. We hare known of cases in which ladies have 
furnished their own designs, obtained the glass out in accordance 
with the drawings from those whose business obliges them to 
keep a large stock, painted the glass themselves with a boldness 
and vigour that professional artiste seem afraid to employ, and 
ended by securing exceedingly handsome as well as interesting 
ornaments for their houses. In some coses a story has been 
iUustnied by a series of designs, each filling the common oblong 
pane in a staircase window, the nine or twelve pones forming a 
sufficient number to carry ont the whole tale. 

In a series of thia kind, the grisaille style, only in brown 
with the yellow stain, will 1:^ found most manageable. 

We trust that the taste for stained glass is on the increase, 
and ^t before long it will be rare to find a bouse withany pre- 
tensions to beauty and ornament without some amount at this 
simple, pleasing, and usefnl decoration. 


MJSOTRICAL EKGINEEEINa— XXIX. 

»T ssrwAun a. o’xsam, b.i«,axs.b., 

Demonstiator in Bleotriosl Bngtseeiiag, City and Ghiilds of Leaden 
Ttchaioal Cofisgs^ liasbiuj. 

HLBCTEK} LiaaTXHa 

ov vitst abo. 

Xtf the fbst year el & Imessirt oentui^ 
while wofldinf with the vbltaic pile» ffismered tl^ a small 
waa f omied lot att tatiKiit at Ihe peiat whm a chmuit 
woiigh whioh a current was Bowing was broken. Omttntulng 
his inveetifatio&s with a pows^ battery, he lettnd that H 
two p^ilhls were broai^t iato cantaoti ho as to allow 


to fiaw» and then eeparated by a small tile spark was no 
longsr instantaneous ; a cohtinuoiis arch of intensi^*hsatsd 
vapour ]^ed bitwsen the peit^aad conite do so ws 
long as tho distance between them was smati. Tlds space ba> 
tween the points has received the name of the voltoac are ; and 
Davy found that he Obtained great vmlations in its lumi- 
noaiiy when he used different Subsianoes for the points. He 
obtidned the brightest aro when he used charcoal points; The 
points tiiemselveB become highly heated and quickly bum 
away. The light given out by the ordixuury aro k due partly 
to the presence of incandescent particles of solid carbon and 
partly to the intensi^-heated carbon points. The carbon par- 
ticles are tom off the pointe in unequal quantities, that point 
from which the current starts supplying about doable as much 
as the other, and that point is consequently tsonsnmed about 
twice as quickly. The more* volatile the substance composing 
the points the more eaeify can tiio aro be formed ; ' wi^ sub- 
stances like platinum it is extremely difficult to maintain an 
aro. The colour of the aro mainly depends npon tho nature 
of the impurity in the carbon, and could therefore be varied at 
pleasure by inserting the proper impuriiy when manufaotnring 
the carbons. 

For convenience, the point from whioh the current startf 
will be called the positive electrode^ and the other the negative 
electrode. 

The positive electrode is consumed about twice as quickly 
os the negative ; and daring the process a cavity is formed 
in it as tho particles of carbon are tom away to supply the 
glowing material in the arc. The negative electrode, while 
being consumed, retams its pointed form, and thus radiates 
light in all directions; while tho positive one, being in 
the form of a cavity, can 
only radiate light in those 
direotions towards which 
the opening of tho cavity 
is turned, that is, through 
an angle of about 60^. In 
the aro lamps used for 
lighting in the ordinary 
manner, the positive elec- 
trode is always placed at 
the top BO as to radiate 
light down, and in this 
position it also acts as a 
kind of reflector for the 
other portions of the aro. 

This is an important point, 
as the principal portion of 
the light oomqi from the 
incandescent carbon ends. 

Fig. 67 illustrates the aro 
formed between two carbon 
electrodes, the upper one 
being the positive, and 
showing the oaviiy, whioh 
is intensely bright. A num- 
ber of small globules, g g\ 
are shown near the arc. 

They consist of metalUo 
imparities whioh have got 
incorporated in the elec- 
trodes, and they never ap- 
pear when pure carbon 
electrodes are used. 

The temperature of the 
aro is very high, being suf- 
ficient to vaporise any of the mqtalB ; in faut,. it supplies tiie 
highest temperature we have yet l^u able to obtain, ae used 
in the electric furnace. Hiough tim ten^msature of the arc ie 
extremely high, the totel amouut of heat ev<^ved fromitisftinell 
when eompwed with that eroilved ffeofuany othei^ ionxee, eikh 
ae gas, oll#1anipe, candles, etc., from> which' tha earn quantity 
of light is btiug given off. 

In order that the amount ol Uilit |dven pff from an arc nmy 
remain oonitant^ it k nqeisBary; tiiit ol aneCgy 

in the aro shall remain oonatuiA TTie amount of energy ex- 
pended per eeoond ie the produot of the current and the giM-F* 
between the eMsodea I ^er« ua^ 
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ABO LIGW. 


a :$ aatt. in tolta biiw«M 

tlii onTimit 1fi ^|^pi^>^T|l^ iiaiitiTjti; tihimnyh lihn urn 

.iU loaf W ^ aaMi abmbod in juro act kepi (unuKkmt, 
fke larUlUacj d tlie lifbt remeiai anoluuagedj ibevefbce, 
ihoafh the pa^ieiiif tkiongh the earo laiy the 

hiillieaey oi^^^^^ not be footed prori^ the a.ii:.9. 

Tpanlee propovticmelk H the inTevee eenee. 

la th» $m fornara between two osvrbon eleetrodee th^ ie 
not only e definite resiitanoe, whioh depende open the lenfth 
of the are, hnt there ia aleo a counter b.m.f. set np, whioh 
oppoeee the flow of the current. The amount of this back ib.ic.v. 
depends upon the quality of the electrodes and the nature of 
the arc. An arc lamp frequently hnrne with a hisnnf noise, 
particularly when it ia first started. This hissing arc has a dis- 
tinctly different back e. v. v. from the ordinary silent arc, and takes 
a much stronger current. When the electives consist of pure 
carbon the back B.K.E. of a silent aro is 89 Tolts, and that of a 
hissing arc about 15 Tolta. Any impurity in the carbon has the 
effect of diminishing the back S.H.P., and this diminution de- 
pends both on the nature and quantity of the impurity. The 
ordinary arc lamps take a current of shout 10 amperes, and an 
E.H.E. of foom 45 to 65 rolts, 89 of whioh are used in over- 
coming the back the remainder being available for over- 

coming the true resistance of the arc. 

BTBIElNa THE ABC. 

The carbons in an arc lamp before the ourrent is passed 
through it are usually touohiug, and it is necessary to have 
some piece of mechanism which will part the carbons to the 
required distance as soon as the ourrent passes, and thus form 
the arc. This operation is what is technically known as striking 

the arc. The mechanism 
must be something whioh 
will come into operation 
the instant the current 
paeses, and it nsnally con- 
sists of some form of an 
electro-magnet attracting 
an armature, which in its 
turn acts on the carbons 
and pulls them apart to 
the required distance. 

FEEDING MECHANI8U. 
As soon as the arc has 
been formed the carbons 
begin to get consumed, 

the distanoe between the 
points becomes too great 
for the E.tf.F. to work 
across, when the ourrent 
ceases and the arc becomes 
extinguished ; at least this 
is what would happen if 
the electrodes wore fixed. 
6oine mechanism must be 
introduoed into the lamp 
bring the car- 
at exactly 
\ saine rate as they are 
being consumed by the 
arc. This is what is known 

and is an essential portion 

some lamps the same me* 
ohanism which strikeB the 
arc also feeds it{ while 
in others they are quite 
dhittnot pieces of meoban- 
isiu. It is desirable that 
^ XiAKF. the posiUon of the arc 

. lAmnildBoi se the 

osshom bm away, so that the, poeitiTe electrode must be 
made to mcMNiMee as qnSiddy ae the asga^te, to elkw for its 
Etwne iiapid eoaeMPtkm^ Thle k not ak^ e< iniportaaoe, 


but In somevoases it ia aheeliit% aeoesaaty, aa in tha ease 
whara tiie aco is used in a lantern^ or lor Bghthioiee wodt* 

A lamp in whkditheatilking a^^ maohaniiia nan be 

elearly eeen ia the 

aiMuon, lAWr; 

The upper oarbon holder, n (Vig« 69), bee a rook cut in ite 
lower end, whiob gears into a v^ieel, g, <bi the same axis aa 
g k another wbedl, a, of half its dkmetar, and hating attached 
to it a chain, k, whhdi paasea over s, and k attabbod to the 
lower oarbon holder. At the lower portion of the holder is an 
electro-magnet, x, which' oan pull down an armature, E. This 
armature is at^hed to the lower comer of the parallelogram 
UBH T; UT is pivoted at T, and b b at s, the other portkm of 
the parallelogram being supported by springs, r. The star- 
wheel, s, whioh is the last of the train driven by F, may be 
looked or not by the triangnlar piece, d, attached to the lower 
carbon-bolder, according to the length of the arc. 

When the oorrent is first started it passes tbrongh the hkotro- 
magnet, b, and 'then through the carbons, whioh are touching. 
The electro-magnet, x, attracts the armature, z, pulls down the 
parallelogram against the addon of the spring, and thus by 
pulling down the lower oarbon the arc is struck. The force of 
gravity is addog on the upper oarbon, bat it cannot descend, aa 
the clockwork is looked by the star-wheel, e, being caught by d. 
As the oarbon bums away, the resistance of the arc becomes 
greater, and the current passing through the lamp grows weaker ; 
the electro-magnet, B, is therefore not so strong, and the spring, 
r, pulls up the parallelogram, and, thns releasing the star-wheel, 
the weight of ^ upper carbon makes it descend till the current 
has regained its original strength ; the electro-magnet, B, now 
pulls down the parallelogram and again locks the train of 
wheels. The strength of the spring, r, may be adjusted by the 
screw, 5, acting on the lever, a. 

In this lamp the feeding mechanism only comes into action 
when the ourrent passing through the lamp becomes weaker 
than it ought to be ; and for this reason Serrin lamps cannot 
bo used in series, either witii one another or with other lamps, 
since the variation of re8ist$tnoe of a single arc might not be 
sufficient to reduce the current by the amount necessary to 
raise the parallelogram and set free the feeding mechanism. 


OBJECT DEAWING.—XI. 

In Fig. 63 we have a view of the same object when turned so 
that Ibe steps are parallel to the plane of ^e picture. 

We will first consider the elementary form on whioh the 
present subject is based. In Fig. 61 a view of the compound 
block, made up of nine oblong blocks, has been given. In the 
present case, however, the object is placed so that the ends are at 
right angles, instead of being parallel to the plane of the picture. 

Draw, in the first place, the rectangle abed, whioh repre- 
sents the front of the whole block, the length in the model being 
twice the height. From a, 5, and c draw lines to the point of 
sight. Draw the back perpendicular, e/, and the distant hori- 
zontal, f g, completing the general view of the block. Now 
divide a h into tl^oe equal parts, by the points h, and from 
these draw lines to the point of sight. Between a and e set 
off j and k, thus dividing that line into three parts ; but 
these are to decrease gradually as they recede from the fore- 
ground. In perspective, this (as wiu. be remembered by 
^oae who have studied that subjeot) would be done by setting 
off 4. A, h t on the picture-line, and drawing lines to point 
of distanoe, cutting a e in the required points. In the present 
case the matter must be left to the judgment of such aa 
have not studied the grcMntnar, and it k hoped that the ofben- 
reonrring question, How am I to know the width etc., to 
which in model towing no trqe answer can be given, will 
lead all wlm wish to draw propat^y and soientifioally to take up 
tbe gTamaar of towing on which aU correct delineatioa msai oa 
based-object towing being dktinotly a free-hand appliosetdoB 
of the soientifto prindplet. 

Having, tfaen,karked the pokk, tow perpentonkk fttm 
them paseing through toe Ikea A and s . drawn to toe point of 
si^i toe qnatoateial Ah/s wiH toua be dktdad toto nina 
foniwad figum, whkh trin tospaotorely rtptofkh toe blpoke 
shown in tha praykna vkw. BMumtsl fines towp fieom A, 
wiU ixis^plak toavkw of toe bkto mda pp ointo <9^^ 




TH8 masmokL mmiJiTon. 


oofr 


thmol tlM wnritor «o>Hdi m to b« xomoTod in ordor to tnoa* 
form the iiie«et»bioBg into n flight oi iliree st^ j this hnving 
been done, th« dznwing oaa be i^KMModed with. 

Draw tto line h r, then the veotengie ahrd will be the firont 
of the itap in the immediate toegroand. Prom r draw a line 
to the p^t of eight, and from i SeBiw a line to meet this in 
thns oompleting the view of the flnt etep. :h.t I erect a pe(f. 
pendionlar, I m, which will re p r ye nt the height of the second 
gtep, I m. At i erect a perpmdioniar, and draw m t. Prom t 


e^nel to d r or it K Dmr the hoeieoiM W < then the 
rectangle mm'Vewfll be osteal to ahrdtthe tfoai one of 
the Idoolm idiieh fonna iheM9teltil4mdocrwii^ Mpli^ 
jambe. Prodnoe the perpendlonlar u e. Jfoaw linee from m 
end et/ id the point of i^t. Ibeae chttlng the pevpendionkc 
ti V, win giye the pointa y and A 
l^w a iierpendicniax at o, and draw lineato the point of 
fdght from e'e, ontting the perpmidionlar in e^'andtr* The 
horisontals » m' and y y' will oomplcte^e reotangle n^piii* 
aentlng the front of the jamb. . 



draw a line to the point of sight, mee^ng a horisontal drawn 
from n in u,i Ibis will give the view of the second step. 

Draw n o add u v. Join o o by a homontal line. Draw lines 
to the point of dght from o and o, and the whole block is tiien 
oompleted by the hodiontal Une ahready drawn from ^e distant 
angle. Now, on the line o v, erect perpendiocdara for the front 
of the Jamba of the doorway, and ptOceed to find their per- 
qped^e heisbt. ItwiU be repiemberMihattheblodca nowneed 
ae the iambo at first fonced parte of the or^jdnal Uotk; their 
aM b^ it ;e<^Vthe length a d. Ibis h^htwill, 
^ be diminished distance from the Ibci^roand. 

^ 'c.-im h the 

^l^imie;the;pcaps^^ m'^aiha w WV/iadV, 


Now, from the bottom of the right-hand peipendioitler of the 
Jambs, dbraw lines to the point of sight i end these ontting the 
back horisontal of the block wiU give the poeitictte lew the dis- 
tant x>erpendicnlars forming the sides of the Jaa>bft; ^l<^ sne to 
be terminated by lines drawn from the tope IdMNm and right 
perpendicnlars ^ the Jambs. 'V X' 

l^e perpendicnlar forming^ bfeok of 

steps win tetminate these aadgivetbe ^ jai^ fabm the 
lower point of a boiisontal will oom]^W w somt. 

Tbo shading, e« in the last case, is ekhM simple, the ciat 
Shadow on the groond following tlm foiin^^^^ 

pisinmgs «0B icaKiirg iraa 

A est of modsli ^t may be aeefiii in hsaphig the p^ to 
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mnj in 4Mt6 Umm vmf W had nt 

toott «iit nMpftf Thete^ altlionili of » «is« iaa oIam 

tMoiil^lt m mdhoo^amktoM lev psiTnfee . 

8i^ %ha of promottng tliftt ndl«Si«lp iwbidli fonns 

■0 f*o«t dmtmt of MUNMOft in life, the foUonrliiff let of 

IMkitieriia nve introinoed ; bj iheee the prinoiiMl modele may be 
in cardboard, and thus a ueefid eet for home nee will bf 
aognired. Ihe oardboard ehonid be enffioiently etvong not to 
bni^ ont on the eidee, but at the 0 
Mane time it must not be too thick, 
in which oaee it wotdd not give ehaxp 
edges at the angles. 

Perfect sldU in the oonstmetion of 
these modals most dej^d on the 
student's knowledge of practical geo- 
metry and development (see lessons 
on ** Practioal Geometry applied to 
linear Drawing" and “Projection*’); 
bat as it is desirable that each of the 
oonrses shonld be as complete in 
iteelf as possible, the simplest method 
of oonstmoting the flgnires is shown. 

As, however, ^e subjects named are 
of universal appUoation, the student 
is sbrongly advised not to remain 
satisfied with the small amount of 
instruction in those branches which 
the Umits of the present series of 
lessons permit, but to follow out the 
systematic course laid down in those 
r^erred to. 

The simplest model to make, and also the first required in 
object drawing, is the cube ; it consists of six equal squares, and 
therefore, to save time in herring, the geometrical method of 
oonstruc^g a square is here given. 

Let A B the length of the side of the required square (Fig. 
64). At A draw the perpendicular a c. Make the perpendicular 


set ^ a sand « g, equal mid Inpm h act uff^/miid/ A 
l^wg hands/. SSmm 0 aeto|f«4 from d sat off d/. 

Now, on the lines orosaing tbesa^tmm a and e, set off a A and 
0 I, and draw hi. 

On the other aide, from h, set off h igi, and from d setoff dvi. 
Joinm which will complete the rix aqnatee. 

Against the edges a A, k i, 1 0 , and the oonei^onding lineaon 
p ^e i^poaite tide, a^ also againet 
iji leave additional atripe lor a pfur- 
pose to be pointed ont presently. 

Now the figure must be out ont. 
This should be done with a vfiiarp 
knife, so that the edges may not Im 
ragged; The knife liould be gnided 
by the edge (not the bevelled edge) of 
the rule. 

Cut entirely through the outer 
linos, but only penetiate the others 
to about half the d^th of the card- 
board. 

Now, inserting the point of the 
knife, peel off half the thickness of 
the strips left on the edges ; the rest 
is to be used for the attachment of 
the sides. 

Turn the scored side of the fignre 
downward, and turn up the aides ; it 
will then seen that the square No. 
1 will form the base, 2, 3, 4, 5 the 
sides, and 6 the top of the oube, 
whilst the extra strips will be bent inward, and, having been 
deprived of half their original thiokness, they will not oauaei 
the comers to appear clumsy. 

Fig. 66 is an object of the same dharaoter aa the cube~Tie.» 
an oblong block. 

To oonstruot this, draw a line a h equal to the length of the 



A c equal to A b. This may be done by placing the steel point intended object, and draw a c and b d at right angles to it, and. 



ef Ahe compass in A, and drawing the quadrant B 0 with the 
length AB. 

Now, from b and 0, with the same length, draw ares cutting 
eaqh^erlnD. 

Dri^s^ Ibm frm 0 to iD,;and another from b to b, which will 

^'^e that aU the angles must be fight 

anglcA and AM aU the sides must be If these two 

stndftM ttfee iuHitted, the aiagottals A x> and b 0 will be equal. 

jhmses ditff nowto o b ns t mcd Mef Audbe,dr^ square, 
u 6 d s produce thn sides Indeilidtdly* From a 


of indefinite length. Now set off firom u, a s, e//y, and g Ay 
and from h .set off 6 i, i i, j A, and A f, equal to ti^e aide of the 
square which is to form ^e end of the prism. Draw lines joining' 
these points, and the draining wiU then present four equal 
reotangles. At each end of One of these construct a square, 
observing to leave ^ etrips on the edges, as shown in the 
drawing, bearing in mind that the outer lindi are to be out 
entirely, and the others half through the cardboard.; 

It will bo readily uhderStc^ that the block shown in Fig. 68> 
in which the end is an oblong and not h square, will beqon- 
struoM in a predisely slmUar m a nne r. 






BUILDBUff QUANTITllS A¥1> 

MBNTS.— I 

8T S. WTVMUll SAW, ItA. 

IITCBODUCTION. 

It liM bf«n explained ii^ the nrtieles n^oh lia.re pvetioiialy 
Appeal^ upon ** Buil^g Conirtniotloiii'* that before any bt^d* 
ing importanoe can be erected, it ia neoeseaiy that oertain 
** di»wingB ” should be pi^epared, oonaisting of plans, sections, 
•letmtions, and workix^ dmwlngs or details; ^ese being all 
made upon a scale of so many feet to an inch, the bidlder 
is enabled to measure ey^ portion of the intended stmoture. 
We propose to describe in ^e following articles the method 
whi(^ he adopts in order to be able to form an estimate of the 
probable cost of the work to be done, according to' the style 
indicated by the drawings, and described in the specification, j 
This process is called ** tal^g out the quantities,** which must 
be performed with the greatest possible accuracy, since a single 
error of measurement may make a difiference of ntiany hundreds 
or thousands of pounds in the amount of the estimate. It is 
therefore essentiaX that the person who takes out the quantities 
idiould be thoroughly oonversant with erery branch of building, 
and the way in which work is carried out in the several trades 
connected therewith, as allowance has often to be made in 
measuring for material wasted in executing the work, so that it 
would not always bo proper to measure the material of the 
exact dimensions that it appears in the building when finished. 

When it is desired to obtain estimates for a work from 
several builders, it is usual to have a ** bill of quantities” pre> 
pared by a ** quantity surveyor,” or one who makes that his 
especial business ; he is appointed either by the architect under 
whose superintendence the building is to be erected, or by the 
builders themselves who are intending to compete for the job. 
This ** bill ” contains the quantity of work and material of every 
description that will have to be provided in canying out the 
plans and specification ; and by this arrangement each of the 
competing builders is supplied with exactly the same set of 
measurements, to whioh he has only to affix his own prices in 
order to form his estimate of the probable cost of the intended 
building. In some oases the** bill of quantities’* is made to 
form a part of the contract entered into between the employer 
imd the builder, so that if any work has to be executed which 
is found to have been omitted from the ** quantities,’* the 
builder will be paid for it as an ** extra,” or its value added to 
the amount of the contract ; and should it be found that any 
work has been provided for in ihe ** quantities,” and has not 
been executed in the building, it will be treated as an omission, 
cr its value will be deducted from the amount of the contract 
when the job is completed. The more usual system, however, 
is for the employer and his architect to ignore the quantities 
altogether in matog the contract, whioh is then based upon the 
plans and spooifioation alone, the builder trusting to the accuracy 
with whioh the quantities have been taken out to ensure him 
against serious loss ; or if, as is often the case, the ** quantity 
surveyor” guarantees the accuracy of the “ bill of quantities,' - 
the builder can compel him to make good any loss that he may 
sustain from disorepanoies therein. 

A contract is often entered into with a builder for the exeou- 
turn of the work shown upon the drawings and described in the 
epeoifioation, according to a ** schedule of prioes,” which ia a 
Hat of different kinds of work and material requi^ to be pro* 
Tided, and resembles a hiU of quantities, but the actual quan- 
tities of the several works are not stated ; the builder, attaches 
his prioes per inch, foot, yard, etc., to the severtd items, 
when the building is oomideted whole of the work la 
measured by a surveyor, who ascertains the quanti^ of each 
kind that kM bean done, and prioes it out at the prices pze- 
TiOutiy given by the builder in 1^ ** achednle,” so that the total 
cost of the bcllding is only known upon its ocnupletlon. A 
“sriiadnle of prioes *'ia also generally given when work has 
been undertaken by odntoot, according to which aH extras 
and omisaim have to be valued when the Job is omnpletedi 
ibese are measured up by A surveyor, and psiM cut by the 
Mhedule. 

^The system adopted by iwvsyors is exactly tbe fiama, 
abether they are nmnofti^ fhe ww by a scale feOm the diww* 
ings, Ct by a tape and rods tie buildiiiff l am oi^ 


oiftf atandaidol mssmMBMnt is nsad in talking ilia dliiiimdcauH** 
namely, tba IhMalfooi, and ita aubdiviaion iuto inAia* Before 
however, the maaiurameati uaii ba brought late tbe lossnof a 
''bill** they have to beredueed into varieui lovma, aeserdlng to 
the dharaoter of the work; some Idnda being taken, item by 
item, and valued at so mu^ apiece, when axe said to 1^ 
^'numbered «” others are taken by the lineal inoh, ioot» or yard, 
and are then said to be ** ran;” dtiier work, again, ia valued 
according to the area it covers, by the siqpesffcial foot, yaid, 
etc., and is then called so many feet, yai^, etc., super. 
there are also other kinds of material which are taken by the 
cubic foot or yard, the three dimenaiona of length, InMadth, and 
thiokneaa being multiplied togeth^, and the cubical contents 
obtained ; such work is said to be ** cubed.” 

The process of reducing all the various measurements into 
the several diviriona of ** run,” ** super.,” ** cube,” is called 

BQUAIUNa DIMXN8ZOV6. 

This term properly applies only to bringing lineal dimensions 
into superficial or ** square” measure, to whioh by far the greater 
port of all builders* measurements have to be reduced ; but it 
has also come to be used in the more gmieral sense of bringing 
all the dimensionB into the various forms in whioh they are 
required for attaching the prioea in the bill of quantities. When 
the work has to bo brought into ** super.,” tiie two dimensions 
of length and breadth, expressed in feet and inches, ore multi- 
plied together by duodecimals, and the result ia the number of 
** super.” feet and twelfths of a foot. Si:q>po8e, for example, 
that the lineal dimensions are 14' 7 " and 9' t^ process of 

bringing them into ** super.” is as foUows : — 

14 7 
9 2^ . 

14' y' X o' « 181 8 . 

14' y' X 2" « 2 6 2 

14' r X I" = 7 4 

134 3 6 

The result is 134 super, feet, 3-12ths of a foot, and 6-144ths 
of a foot; but the 144th8 are always neglected when there are 
less than 6 of them, and are taken as l-12th when there are 6 
or more, so that the above would be called 134' 4". It must be 
borne in mind that the 4" does not mean 4 inches, but 4-12ths of 
a square foot — that is, 48 square inches. 

When the work is to be brought into “ cube,” the dimensions 
of length, breadth, and depth, expressed in fe^ and inches, are 
all multiplied together by the aame method as is employed in 
bringing into ** super.,” and the result is obtained in cubic feet, 
12ths, and 144th8. For example, let the given dimensions be 
11' 3", 1' 2", and ; first multiply 11' 8” by 1' 2^ which 
gives super, feet, 12thB, etc., and multiply that result by Hi" ; 
whioh gives cubic feet, 12ths, etc. The process is as follows ) — 


11 8 
1 2 


11* 

8" 

X 

"11 3 


11' 

3" 

X 0' 2" 

■ 1 

10 

6 




13 

1 

6 







18' 


" X IV' 

al2 

0 

6 

IS' 

4 

"X J" 

o 

6 

7 


12 7 0 * 


The result is 12 oubio feet, 7-12tbS of a onbio foot ; the l2tii 
of a oubio foot must not be oonlohnded with the Cubio inoh, as 
it really oontidns 144 cubic inches. 

When the dimensions of an ixiegnlsxly formed plioe of work 
have to be taken with a view to briagi^ into ’'super.” or 
’'cube,” it is usual to take the nearest aven^ of the msasnxe- 
mei^ sad enter them in the book as the aottud dhnwMiim, 
except in oases where the material has had to he 
the reotangnlax form, in which case its IsXfeit oxiid^ dlxten^ 
shm n^, taken as the true one. Wm Aeio^^ Is 
xeq;idred Ih taking ti^e snpeor. dC.Irre^id^ shaa^dhe 

aml niles of Jpx^oal geomdxy mo»t he xeebrl^ to 
to dbi^ I trtie xoshli U droditt woA has 




m 




««ft ^0h 9^ 6i5i»r wijt^ ii » mm 

^iyi Wis sMithi 

^ wliclt 0SIW4 4 io ^ haSi^^Mk^ mtka 11 IJw 
o| 9$. 

Xp 9xid idle olrpii]»r wor^ iiii!ilti|tlj thp d|wn >te r 

1^ ^ «iid Atidilij 7 for a whole ohrole ; if for half a oint^ let 
t£e ssiilti^plier be 11 of 22. 

IVhMii a tarfaognliir piece of work has to be niaaeaied, take 
the length of one of the eidee by half ite perpendionlar dUrtaaee 
from opposite vertex; these dimendons when mtil%Ued 
iotfether or *' squared ** will ^ve the super, of the triable. 
Ouier irregular ^figures pan be measured in the same way by 
dividing t^m into triangles. 

In most oaeee, however, where oironlar or irregularly shaped 
work has to 1^ measured in buildings, it is neoeasaiy to ti^e 
the full dimensions, as if it was rectangular, in order to allow 
for. the labour expended in cutting away to fit the required 
oontonr. 

In taking out quantities, or measuring work from a building, 
a ^ dimension book’* is nsnally employ^, either plain or rul^ 
with vertical lines, the dimensions being entered on the left- 
hand oolmnn, and the description of work on tho right hand, 
leaving the middle column for the ** squaring” above described. 
For example, take a piece of flooring 14/ V X 9' 2^". This ia 
entered in the book thus : — 

14 7 

9 2) 1| inch yellow deal floor. 

A narrow column is always left on the left side of tho dimen- 
sions in case the item has to be repeated, for if there happen to 
be three pieces of flooring of the same dimensions the moasurer 
would then enter them in his book thus : — 

8) 14 7 I 

9 2| I 1^ inch yellow deal floor. 

And in squsring the dimensions he would multiply tho ” super.” 
of 14' 7" X S' 2i" by 8. 

Suppose a number (say 9) of fir joists 11' 3" X 1' 2" X 11|" 
have to be measured, they will be enteired thus : — 

9) 11 3 I I 

1 2 j i Fir joists. 

4 « I 


'When the measurements are all completed and entered in tho 
dimension book, they will be ” squared” in the manner above 
described, and the results entered in the middle column — thus : 

8) 14 7 I j 

9 2| 402 11 1^ inch yellow deal floor. 


9) U 8 
1 2 

11} 118 8 Fir joists. 


THE LATH E.— I. | 

ByHxamT Kobtsgott. 

XHTBOllfUCnaN-rFaiKOIFLa 07 THB LATHS — 8XKPL1 
ILBHBHTAET 70B1I8 07 XiATHS. 

^ Trb inventioii of the lathe is very ancient ; Diodorus Sionhis 
•ays the first who used it waa a grandson cH Diedalus, named 
tCaliis. FUny ascribes it to Theodore of Samos, and mentions 
one IheridlefK who rende^ himself very famous by his dezterHy 
in managing tbs lathe. With this instrument ^ andents 
luxnad mi kinds of^ vases, numy whereof they enriched vrith 
flgnm* nad oraaments in basso-relifvo. Thus Yfrgil: * Lenta 
q^us tmio fac^ eppmaddita viftis.* The Greek and latm 
anthers xmdEb freqnentmen^ and da&to eaUsthe 

wmknmb vdio ns^ it oaeettlof^. im a prirreplb anongit 
themidenls^t^ IS# a tldbg irmtonildln fhe la^ to stQKimis 
im^diaiof^;i[^.]im^ ' ' , ' 

Tim alt d tdndag is one of Gie mst iiielM tbllianai- 


«mil%>and k is ss important ss it^ls andent. The palNNPiik 
1 ^ive qpoted eontaans very neady allihe infosmattan wo 
tqmn sarly risexf this art ; aid aipumgh its invention mcml 
certainly Imve maadeed an era fr irmdwmesl ^eoovery, it nmet 
be elicit that we ndther have any iimtheiitie Imowledga of the 
date or maimer of its inventioii, nor do we know to whom the 
werid il indebted for it. 

It is more than probable that the laihe was lomsm, end the 
art of turning praotieed, long before either wrote or 

Therioles used the graver. Cm* indebtednees to unknown 
inventor extends, however, v^ little further than the simple 
principle of producing an articto of droular section throogh its 
rotation whilst bdng acted upon by simple outting instaruments 
applied to its periphery; and in the East, wherein all probahOi^ 
the lathe had its ^gin and the art of turning was first praotisod, 
the lathe remains to this day unimproved a^ rode. 'With this, 
as with numerous other inventions, the land whidi gave it bh^ 
has been quite unable to bring it to maturity., A prinei^, 
simple and apparently trivial, b^in reality possessing immense 
” potential” importance, has been neglected, applied to trifling 
and useless purposes, so that it reipained a dwarf — curious and 
interesting, it is true, but without growth and without ex* 
pansion. Eastern inventions are well typified by the grains of 
com found in their mummies. Kow old they are we Imow not, 
but that they have lain dormant many thonsands of years is 
quite certain. Discovered by an enterprising and searching 
European, and by him transferred to more congenial soil, tlmy 
make manifest more vitality in a month than under previous 
oonditions they would have shown in an eternity. 

The simple principle, however, of the lathe is so apparent. Giat 
it may have been, and very possibly was, discovered by more than 
one person, in more oountries than one, and at more timea than 
one. But this much is certain,- that whenever the germ was dis- 
covered, it has remained nntU almost within the memory of tlm 
present generation as apparently unimportant as a grain of 
mummy-wheat. Now, however, we find it has beoome one of 
the most useful machines the mind has ever yet devised. In 
its original form it may be described as being an instrument for 
producing the circle, and turning as the art of producing and 
arranging these circles; whereas now tho lathe is better 
desoribed as a machine for producing anything. The art of 
turning appears to have been extensively and very BucoessfuUy 
praotised throughout the Ck>ntment of Europe during the 
sixteenth, seventeenth, and eighteenth centuries, although even 
then the lathes in use were extremely rude, but they embodied 
several ingenuities, and are very decided improvements upon the 
original form. Many writers of that period upon n^hanioal 
znatters allude to the lathe and its prodnotions ; and in France 
especially the art was of auffioient importanoe to form the 
subject of some treatises’ on turning of great magnitnde and 
completeness, and which even now may 1^ read with interest 
and advanta^. The two most important of these works on 
taming were, it cannot be doubted, Plunders **Art de 
Tourner ” in one large volume, and Bergeron's ” Manuel de 
Toumer ” in three volumes, bo^ of whi<9i treatises oontain a 
very complete exposition of the then state of the art. 

In lathes of simplest form the article to be turned is 
placed between two conical points, called oentres, wbicb, by 
forming two conical pits or indentations in the ends of the 
wood, serve to support it wMlst it is being rotated and acted 
upon by the cutting-tools. This will be understood from Fig. 1, 
which ihows a lathe of very primitlye oonstmotloii, and prob^ly 
one of its earliest forms. It oonsuitB merely of two horiamital 
nieces of boud fastened to and supported by two xqirigbt pieces, 
W arranged so as to leave a space between Ikem. One of the 
uprights is oontinned above the horiaontal bearers, and is 
fumbdied with a short rod of iron, the end of which is groond 
to a point. Another similar piece ^ iron is supported by m 
movable block of wood, called a puppet or poppet, and wnkk 
is arranged* to move up and do^ between and npon the 
horisontal bearers, so as totslcein between its oeni^ point and 
its iWpw ertioles of any requfred length within the wta of the 
bearirs. This pnppet is faitened to the beartse by a wedge 
undernea^ The rotatioii ike ^work efflioted ifiea&s of 
an skHitio piece of wood, fosnished withabmg stringt to as to 
oatue it to resemble an ortfinaiy boif from wkioh artcem art 
The gtring is wound 10 ^ 

ec thiree toes, and is tdlenbly tiglixt k throiudi ^ 



THB imillSafeikii ED0OATOB. 


Fiflr. 1. 


On ^ aad 

ioriwayfl* iiieMdn» tiring utoetaarily, 

nstttet ibt iro((Mi to rotate, aSlo in jUternate dir^one, 
tbol it 'held In Ibe rigiit Itaad, and tnptknrted upon the tool-reit 
ihowa in tent, and which alto may be 
moved np and down upon ille bearert, 
and dxed, when neoetttzy, bj meant of 
a wedge underneath them. 3b the East, 
the workman site whilst workijig, and 
steadies the tool bj hit big toe. The 
tool, of ooiixee, can only be applied to its 
out whilst the work is rotating towards 
it, and it slightly withdrawn when it is 
running baokwai^. 

Clumsy at this apparatnt it, mde as 
are the tools, and olnmty and mde at 
are the position and system of working, 
neverthelete, resnlta have been prodaoed 
tiiat eannot be tnrpatsed by the most 
deUoate and oomplioated meohanism of 
modem times. Ihe time and patience 
neoessary for the production of good 
work by snoh means are, it is tme, enor> 
mons, bat that articles of snrpatsing 
beau^ and delicacy have been produced 
is incontestable: and the simple prin- 
ciple of this lathe transplanted to more 
p^notive soil has 
been improved npon 
until we have the 
splendid and com- 
plete machines of 
Whitworth and Holt- 
sapffel. One of the 
earliestmodifioations 
of this lathe was pro*, 
bably that shown in 
2, in which, as 
wiU be seen, the bow 
is retained, but is 
placed overhead, and 
a string comingdown 
from it passesaround 
the work, and is at- 
ta»ohed to a treadle 
underneath. The 
work is rotated in 
the direction for cut- 
ting by depressing the treadle, which 
pulls down the cord, and thus draws 
round the wood around which the 
cord is wound ; and when the pressure 
of the foot is removed, the elasticity 
of the bow pulls the cord and treadle 
upward, ready to be again depressed 
by the operator’s foot. The table 
carrying the centre-point is raised 
upon legs. With this lathe the 
operator is enabled to stand to his 
work, and using his foot to give ^e 
article motion, he has both his hands 
to manipnlate the tool. 

In both of these lathes the driv- 
ing-oord is wound round the woric 
itself, and this, of course, made 
necessary that the rough piece of 
wood should be much longer than 
ihe iimshed length of the artide to 
be out from it. Another great 
drawback arises from the liability 
to break the piece of wood by the 
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The inoonvehimioe arising from ihcM oanaec hb 4^ M U 0ft 
appUoatiott of a separate spindle to the poUM Ai is dic^ hi 
the lathe in 8. Wm lathe is snbstaintially the same I* the 
Others, the motioa being obtained by means of a tiecrdlc and 
oord, but the oord ia ^ " * 
of a long elastic lath, i 
supposed the term lathe was derived, 
and the cord, iaatei4 of passing ronnd 
the work iisejf, is wound round a wooden 
pulley, a, plao^ upon an axis, b, and ro- 
tates in two collars, c, or bearings, form- 
ing part of the popp^ The motion is 
thus ^ven to ihe axis b, and to this axis 
the work must be attached in snoh a 
manner as to be rotated by it. The other 
centre is carried by the moving poppet 
as before; but in this fignre the centre- 
point is shown as having a screwed 
thread, which allows of more convenient 
adjustment than the early plan of a plain 
cylinder held by a wedge. The tool-rest, 
also, is an improvement upon tiie former, 
it being formed with a socket and a 
tightening screw at the side, so that the 
support for the tool could be placed at 
the most oonvenient height and m(»t 
convenient angle for preserving the tools 
used to the work. 
The general method 
of using this lathe 
was much the same 
as the others, the tool 
being only applied 
when the work was 
running round to- 
wards the workman, 
and slightly with- 
drawn during the 
backward stroke. 

It should be noted 
that in using these 
lathbs the proper 
arrangement of the 
string is such that 
the work is caused 
to rotate towards 
the work!ian, and 
consequently in the 
direction proper for being turned 




Fig. 8. 



sltemate upwi^ an4 downward strains of the oord. Of coarse, 
as the trea^ is depressed, there is a strong tendency to poll 
the wood also downwards out of the centres, or to break it into 
tiro, and there ie a pull in the opposite direotioh es the oord Is 
dtai^ up. WbM tnininf lam pieoes of wood these ctmins 
are of much acotmiri, bnt when 00 work becomes email and ^ ^ ^ 

ilen4st,hsh<diobmiizeqnixedintiit«iAingto|ttetentan eat IfneostsiHQf. 


or cut, by the downward pull of the 
treadle; in other words, the work 
must be pulled round in this direc- 
tion by the power of the workman’s 
foot, and not by the elasticity of the 
lath or bow overhead. 1 have never 
seen ore of these lathes at work, but 
am told that even in Great Britain 
they are still not unfrequently used. 

&>tation in alternate diree&ns is, 
however, a very great inconveuienoe, 
and with any but band tools woidd 
be t&tal io the produotion of satis- 
factory work. The most obvious 
means of producing oontiimons rota- 
tion in the same direction is to have 
a separate driving-wheel, and em- 
ploy on assistant to tom it round. 
A lathe so driven is shown in Fig. 4. 
It is scarcely necessary to expkilxi 
that the lar^ wheel of the drawing 
is turned by a boy, the lathe^^^dle 
driven from the fly-wheel shaft by a or gut, and the work 
driven from riie s^dle in any oonvenient manner. The lathe 
as iho^ is desK^r^Mid more e^>eoisl1y for the maxmjEoetnre of 
■ho^ aa^dles, eoai as can be iViaohed flnnly to the lathe-a^^ 
without requirinf the siqmrt of aa<Vherc(^ BiV»of 

eomt^ the laov^ pappet eoi be aaed wiHi » iatbe df thii 
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i^wiira yoia MASONS. 

miMIAll3» OBAWtNS 90B CRTOKSlUSONfiU 
t*? 1« 1 I 6 W cUMdonible to giro tho ntndent tome farthor pfftddoe 
in dhiiw^i aiid for this purpose fig. 425 is chosen. 


Thsse sedsts In nil anteml objects n l««r c( ^finiiMtry ^wiildb 
sU who wjdi to rise sime the ttmk€i n msre Isbonzer tn «n 
wonld do well to exsains and to loUow. On this pdot, 
Lindley snps^** B^nnxnetiy nay be deSnsd to be the gnMmtl 
oomspondenoe of one half of a given ol^jeet with the other hal(» 
in siru o ta re or o&er peroeptible cironiiistMiees, or the gsnenl 



In drawing or osrvlng, the atodent nmst bear in xoind that 
aU ▼egetahli forms mnst be ooneidered' from two points of 
▼iew-*-‘-1tMe]3r, the actual and the conventional, or (1) the 
OMimiier in;^vM the plant grows, and <2) the way in wMoh it 
may be adapted to pnriKMes ti ornamentation} and it mnst be 
clear that m latter dmnld be based upon the former, for how« 
over adsdt the dettgaer may arranim ihd lortna, he oaanot ndih 
iblM the mode of gro^i |Mbee leaves on flowe^ 
otalks, or gllre peats to flowers which ihev do not possess, 


oorrespondenoe of one side of an object with the oppodte aide 
in, stmotore or other peroeptible droumstanoes. 

** Take any leaf : if we separate it from end to end (along the 
mid-rib), the one half bears a moat striking reaemblanoe to the 
other } on the one side the veins ran to the right, on the other 
to the left^perhape those to the right are a Mttto above those 
to the left: in that oase the difference ie maintained thronghoat. 
If these are four ribs on the one side, there are four on the 
otheri and if ytm meam them off, provided the leaf has met 
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itfm vo •9d4«nt» me rein le •• nemly m poeeible of the 
•erne alee m otiter. If . joa pleoe ilie edges egeinst, eeoh 
ottier, thidr indentetic^ wUl elmoet iH In *11 Rknts 
there ie the Mune remerkehle ooneepondenoe between the 
site sides oir oontignoas hslres of the same leaf. The example 
here given is a portion of aa aoanthns leaf, in which tiiis 
beauts symmetry is well displayed. 

In dxat^g this, the curve (a) forming the mid-rib should 
be drawn first. It will be seen that this is interrupted at 
B by the portion of ike leaf which turns over and covers it. 
The line should, however, be carried on to c, as if the leaf were 
transparent, so as to form a guide for placing J>, which is the 
inner edge of the mid-rib ; and this, if continued, should fall 
within A B. 

The eeparate parts of the leal are to be drawn in masses, aa 
shown by the dotted lines, the separate indentations being 
drawn when it has been asoettained that the general containing 
forms are correct* . 

In order to gain additional praoti^ the student shoold copy 
this example when it is turned in various positions. 

DXtAWlKU FROK SOLID OBIXCTS. 

Although the whole subject of object drawing is treated 


howmr, need not b* dwim 

the object nay be dnnni •• wriato.; 

Hue « »• wUl twiniiMite the beiiuinktkl d«b, «d. » 


block. * . . . 

pUuwd tbe dtawiar ninjgbt, w> M to etuMn « jtat 
view of it, and having made any corrections whi<di ihSijr be 
deemed necessary, the student will now drww the line nit, and 
from H the line H i, which will give the t hi oknes s of tile slab, 
bearing in mind that the line B z must, like B F, ooBverge to 
the point of sight. 

The widths of tbe edges of the three slsbs on which the 
upper one rests are now to be drawn, obeerving, that altiiough 
they are all three supposed to be of equal thickness, they must 
each of them be diminished as they recede. The slightest 
observation will be snffloient to show that all objects appear 
smaller and smaller as they become more distant frmn the 
observer, and this effect is visible, whatever may be the sise of 
the object. The horisontal line at the bottom of each of the 
slabs ^ in the present study be partly hidden. This would, 
of course, depend on the width of the slabs and the position 


of the spectator. 

The principles of shading objects are given in the course of 



of in a separate oourse of leesons, the present study, whioih is 
ons of exceeding simplicity, but at the same time one from whioh 
atndent may obtain a large amount of instrnotlon, is here 
^ven, since the principles shown therein will be found of 
immediate use to the mason. For this reason he is therefore 
urged not to copy the drawing only, but to plaoe slabs ^and 
blooks of stones in similar potions, and sketch them from 
varioos points of view. 

By this system he will learn the practical application of the 
lei^, and will be able to nse the knowledge he acquires in his 
daily occupation. He must not, however, be content with this 
simple study, but should follow out the complete oourse laid 
down in “ Object Drawing.” 

Tke subject cff the lesson (Fig. 426) is a slab of stone resting 
horisontady on three others pla^ on their edges. 

It must be here impressed on the student that it is important 
that he should acquire the habit of sketching sll objects in the 
bro^est maimer ; that he tiionld, as it were, not see the details 
until he has drawn the object as a whole. He should, in the 
first plaoe, think of it as merely the paoking-oase in whioh it 
might just be contained, or as if all the i^^ertures or vacant 
spaces were filled np$ for it must be olear to any thinking 
mind that all Interior forms, and all detail, must be dependent 
on the general outline of the whole. 

In oommenoing the subject of tiie present lesson, draw the 
leotangle a b d o, whioh represents the end of the whole block, 
snd which, since it is supposed to stand parallel to the picture, 
will retain its origiiial shape. 

Fiem A» B, c, D draw lines to the pobt of sight, which point, 


lessons on object drawing above mentioned, and to these the 
student is referred for more detailed information. 

6TAIBCABB8. 

It is deemed desirable to repeat in this plaoe a portion of the 
lesson on stairs given nndtr the head of ” Building Construc- 
tion,” in order ^t the instruction may be carried further, 
and that it may be eapeoiaUy appUed to masons’ work, Sfoir- 
caee (stair, derived from the S»on word stmger, to ritmb or 
rise) is a term applied to the whole assemblage of members, 
with the walls supporting the steps leading from one storey to 
another. The same staircase is often oairied up throug^bout 
the whole height of the house, and may be said to consist oi as 
many storeys as the building itself. ' 

When the height of the storey is oonsideraUe, resting-places 
become necessary ; these go by the names of ”quarter-iq>aees ” 
and ” half spaoes,” according as the passenger has to pass a 
right angle, or two ri^ht angles ; that is, as be has to describe 
a quadrant or a semicircle. 

In very high storeys, that admit of a suAoisnt head-room, 
and where the spi^»e allowed for the stairosse is oonfined, there 
may be two revolotions in the height of one storey, whioh wl^ 
lessen the keiglit of the steps; but in grand stsiraasss Only 
one revolution can be admitted, the length end breadth of the 
space on the plan being siwsys propeilioned to the height of 
t^ building. 

The breadth of the steps of stairs in general use in cowmen 
dwelHng-honses is from 9 to 12 inohis, or at about 10 frehes 
as tils medium. 
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itkm mUeh tm anmtid Mtiter « toUd 
neiNl 0r « oixo^ w«U-lio]«» the letter «itto eaeloMd in •• 
oomplft# ejlindrioal «m«, or flomi*oyH3)der, at cme eAct* adjoin- 
jbg to paraUal nalli wliioh temi&ato on aa oppodte mtXL 
In friMUiig fftoiri, otopa are formed narrower nmct to the 
wtU^hole than at <&dr other enda where they are hnllt into tlm 
wall Theae are taraied windart. 

Thoaa atepa whkih eontaie oi the aame breadth iue termed 
>lyara« in ooat r adiatine t ion to the wind§r$. 


GBBAT MANUFACrrURES OF LITTLE 
THINGS.— L 
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It ia computed that there are 15 , 000|000 steel pens made in 
eeory week. If the ** grey pooae quill were still 
the unireraal instmment for reoordi^ the written thoncfhts 
of meUf what a stapendous army of geese we ahonld require to 
maittti^ in order to furnish a like quantity ! This oonsidera- 
tion sets us speoulating on what would have been the possible 
oonsequenoee if that namplesa artisan of Sheffield, who, it is said, 
made the first steel pen, had not hit upon that ingenious and 
happy expedient. There ia a story of an impeounioua Iriahman, 
who having been fortunate enough to find hidf-a>orown, imme- 
diately expended in comforts for Biddy and the ** ohildher/* 
was ^e^nlly expatiating on hia good luck, when he was out 
short by hia better half exolaiming, ** Luck is it— ye omadhatm i 
Sorra' the Inok that’s in it — ^what should we ha* done widout 
itP*' What should we have done without ooal gas, and 
railways, and luoifer matcfiies, and the penny post P ^mehow, 
theae ffisooveries have seemed to fit in so esnotly with the suo- 
oeasive stages of modem progress — the invention helping the 
advanoe, and the advanoe msildng, the invention a ueoesaity — 
that we are stmok with the same sort of admiration as i^t 
which led the simple youth to wonder why great rivers always 
fiowed past populous oitieB. We are now beginning to inquire 
beforehiuid (a thing we are not addicted to, in a general way) 
what we shall do when our ooal supply is exhausted. Well : 
somebody- will invent a new method of extracting heat from the 
anbstances around ns, or perhaps find out how to re-capture the 
heat we have already aet free, and which is still in hiding some- 
where in our economy : — 

** Kind Katuie hath a thouesnd gifts ia store 
TXnused, for man to ohaaos on in his need ; 

And thongh to mortal ken ehe waxeth poor, 

By reason of the treeeuxe ihe hath free^ 

The leeiniiig weste doth hnt provide the eeed 
Whioh new^ inber boeom multiiplieB } 

Thus youth is bred of age. and nothing dies.** 
Birmingham oouaumee fifteen tons of steel per week in the 
maaufkoigire of steel pens, probably a larger quantity than ia 
used in that armoury of the world for the making of warlike 
weapone ; ao that, in this aenaa at least, ** the pen ia mi|lhtier 
than the sword.'* It would taka a gooae twelve months to grow 
a quill pen fit for use ; even luppm^ the wing of ihe living 
bird to be plndced onoe a year, ae was fermerly the burbarona 
onatom. It does not taka Birmingham ao long to prodnoe ita 
metallio anbatitata, aa we ahall see, if we follow it from ita birth 
to itamatnrity. 

It first oppaara in tha form of sheet steel. The rolling of 
steel for pens ia a work of great nicety, having to be performed 
with eempnlcma regard to even thinnape throughout ; or other- 
wise no aoouraoy of tale in the a ub i mqn ent stages would be 
possible. The pens, It will readQy be apprehended, are not 
counted into grosses, but weighed ; and one gross ahonld weigh 
exaotly tim same as another gross of the same pattern. When 
euttlnf itp the Mieet into etdpa, therefore, the workman care- 
fully gsogaa every port of the steel, and rejeota all that is un- 
eqnal in the eU^taat degree. The first baabteaa ia to dired it 
into Jkmg atrh^ or ribbonet a breadth attffioieiit to allow Of 
two pans tmg ent out of it end to find* Ih* poh^ aUghtly 




ovarlipldtid^ each oiher. These strl^; are giv^u oiat ito the 
(mtterai imd here begins tiie first of ^ many prooemaa for 
whioh the nimble and dOUcate fingst e ^ woman are Ibimd of 
ineeMmahle aervioe. The number of ghdi aiid pomek emploj)^ 
in the ateel^pen trade, in proportion to the men, la about twen^ 
to three. The employment is light and deaafy, and aa suit- 
able for women aa any mechanioal art can be said to be. The 
ontter-out aits before a small preaa, in which is fixed a die, 
having a boAe oat throngh it the exact ahape of the pen. A 
punch fitting tida hole to the utmost hair-br^th nicety, rises 
and falls wiUi the motion of the press-handle, and being anffi- 
dently depressed, enters the orifice with a snok^ motk^ ang- 
geative of ita beau^ol fit. The girl places the end of the 
ribbon on to the die, from the back cd ^ preaa, with her left 
hand, while with the right ahe gives a littb jeik: to ibe handle s 
the punch descends, bites tl^ugh the metal, and Ibe pen 
blank, cat ont very cleanly and neatly, falls through. Such ia 
the piooeaa of cutting out a single pen ; but during the time it 
has taken the reader to peruse this description, the girl would 
have out out the whole length of ribbon into a beau^ul diaper 
pattern, each perforation representing a pen, and the spaces 
between each of the most mathematical regularity. 

These blanks are then taken to the piercing-room, where tha 
little omamental holes about the nib are out out with precisely 
similar tools. In a well-regulated factory, each operation is 
performed in a room isolated from all the rest, large, lofty, and 
well lighted, and presided over by an overseer, who is commonly 
the al^ed workman who makes and sets the tools. This pro- 
cess is not quite so quickly performed as the last, the bla^ 
having to he placed one by one on the die with the fingers, but 
still it is very rapid. Small projections of steel, called guides, 
are fixed upon the bed, by whioh the girl is enabled to place the 
pen on ita precisely proper spot in an instant. 

far the steel, moderately hard from the rolling, will bear 
beir g cut and pierced without fracture, but would net endure 
that much greater liberties should be taken with it. The pens 
have the efore to be annealed, to mabe them of a more yielding 
disposition. This is done by placing them in shallow iron pans 
in a “ muffle,” or reverberatory furnace, by which they are 
healed regularly throughout to a dull red, and, being suffered to 
cool, become so soft, that they may be bent in any direction 
without breaking. They are then taken bade to the marking- 
room. 

Some pens are marked with incised letters or devices, indi- 
cating the name of the maker, or the distinctive appellation of 
some particular pattern. Others have an ornament embossed 
upon toem in considerable relief, such as the Queen's head, for 
example. In either case, theae markings are impressed by a 
stamp. Perhaps the most wonderful of all the operations, for 
quiolmess of eye and hand, is the marking. The marker aits 
down to her work, as do all the female workers at the other 
branches. She has one foot in the loop of the rope, the bed of 
the stamp being before her on the bench. She takes a handful 
of pens, all lying oonfnaedly, from a heap with the left hand, 
and by A dexterous palming motion, marshals a little prooesaion 
of them between the thumb and forefinger in parallel order, 
presenting the foremost in a convenient position to be adaed. 
The right hand travels backward and forward to the stamp 
about Moe in a second, each time taking a pen, turning it over 
point foremost and right side up, and placing it exaotly under 
the descending punch, which she causes, by the motion of her 
foot, to give a constant sucoession of blows in regular beat, 
almost as quick as they could be counted. The nimble fingers 
play in and out under the heavy stamp hammer with an airy 
indifference to danger whioh quite reasaurea the spectator, 
thongh it is evident timt the slightest misoalonlation of time or 
distimoe would maAe a case for the nearest hospital. 

It has been mentioned that the marker has to place the pea 
right side up.' This requires exidanation, since it mh^ be 
supposed that so long as the pen was in fiat, whioh it is up to 
the marking stage, it wonld have both sides alike, and that 
it would be a matter of indifference on whioh the mark was 
impressed. This, however, is not <0, and far tim blowing 
reason. When the pen is pierced, -^the cutting tools leAve a 
sHght— very slight— -burr, or ronghnsss on the edge of tiie ent, 
on the nndw side. At ah after stage, this rough edge, which 
can scarcely be peroeived, hut may be felt with ijae finger, 
is poHriied off smootii and le?el, so that it is important it shoult* 
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kept on the outer side of the pm* The markup, if it eon* 
eiete of inoised lettering) xnaet be impreeied on the outer aide 
also, or otbeniriee it will read baokwardu, while> if it S« an 
emboased or rejxni^s^ pattern) it must be raised from ih/e under 
aide. The workwoman) ther^orO) wants eome mark or ipdioa- 
tioB) to ixiform her on which aide she ie operating, jnst aa the 
oompodtor who set up this article required a mark on hie 
'^ea to prevent him from putting hia letters updde down. 
KoWf if the reader will take up any steel pen that happens to 
He within reach of hia hand) he will perceive a microsoopic in- 
dentation) which looks like a alight accidental defect) on one 
edge, towards the butt of the pen, where it would be hidden by 
the holder. This is the mark referred to, and it is obtained by 
purposely damaging the cutting punch in that particular spot, 
in marking or embossing, the operator has, of course, to keep 
this ndtfk to the right or left, as the case may be. 

Hie next stage is the raising,” or bending the pen into the 
shape required. Some are bent round dmply into a curvilinear 
form ; others have a ridge, like a backbone, running down the 
centre ; others, again, have shoulders raised, or are bulged out 
in odd places into a conformation of the Quasimodo order. 
The press is the ii.8trament with which aH these transforma- 
tions are effected, and the thin ductile metal readily takes and 
retains any impress that may be given to it. 

The pens are now beginning to assume the appearance of 
maturiiy, though they are far from having really reached it. 
Their constitution is still limp and enfeebled from the soften- 
ing, and they have no more elasticity than so many pieces of 
pewter. They have now to be braced anew in the hardening 
tub, and afterwards sooured to make them more presentable. 
The firat*named proooss consists in again heating them to a 
dull red in the muffle, in shallow pans as before, and then over- 
turning them into a bath of oil. A cullender of iron, suspended 
in the oil tub, brings up the pens and drains them, they having 
now a greasy, black, disreputable appearance, and a temper as 
brittle as glass. A good boiling in strong soda and water re- 
moves aU impurities, and gives them a complexion suffloiontly 
white and clear for i^e purposes of the next process, tempenng, 
which requires some delicacy. 

Perhaps all the readers of this work may not be aware of that 
peculiar trait in the character of steel which enables an adept 
to render it, at his will, as pliant or as obdurate as he pleases. 
When heated to a suffleient degree of redness (not one scintilla 
more, or it will be burnt), and then cooled as suddenly as possible, 
it will have attained its maximum degree of hardnesp. Othello’s 
exclamation, ” I have a sword of Spain, the ice brook’s temper,” 
bore reference to a celebrated method of hardening blades in 
Toledo, by plunging them while red hot into a stream of icy cold 
water. If, on the contrary, the heated steel be forced, by artificial 
means, to cool very gradually, it becomes as soft as it can be 
made to be. Between these two extremes any degree of hard- 
ness or softness can be obtained by tempering. Suppose a piece 
of steel to have been thoroughly hardened, afterwards re-heated 
to a certain degree, and sufforedto cool gradually, it will have been 
softened precisely to the degree to wUoh it has been re-heated. 
The adept knows exactly the degree of softness it has acquired 
by watching the changing colour of the metal under heat. 
First, it will become of a pale yellow or straw colour; this will 
deepen gradually into orange ; then, by a beautiful giudation of 
tint^ into a rich purple ; thence into a deep blue ; from that 
/again into a pale blue ; after which the colour will fade away 
entirely, and the metal become white again; the next stage 
being red heat. Any reader can test this for himself by laying 
a needle upon a hot poker. If the heating be arrested at any 
one of these stages, the steel will be of a temper corresponding 
to that stage. No subsequent re-heatingwiUalter this ten^ier, 
though repeated again and again, provid^ it stops short of the 
point to which it has proceeded before: thus, a piece of steel 
which has been temper^ to a purple, may be afterwards bright- 
ened and brought to a purple again without injury ; but if it be 
heated till it beoomea blue, ita temper will have bm reduced to 
that extent. This last explanation must be borne in mind, 
when we eome to speak of a later process in the production of 
eurpen. 

, TV ^aik blue sUge is the one whibh gives that degs^ee d 
4^kS^ty to the steel |)ett which makes it an effUsient subatitote 
IVtheq[Ui^ 2^, if the leader wiU kindly repeat timt Ht^ 
experimeat with the needle and the poker, he will appreciate 


the difficulty ef4ieaiiBg sp small aa artiole.eqeaPy ^tlomngiieatt 
so as to ensure itstempar beiag even. |hat t^ 

point* will begin to turn colour soonest, and will be hc^lessiy 
softened before the hbi^er parts are einged*,^ TW sagm thing 
would happen to a steel pen, if it Were lim upon aetmfaoe ever 
so regular]^ heated, and would of eouiae be letel to the tapering 
nib, the tmper of which would vary iTem heel to point. The 
difficulty is overcome by the following mea^ t-^me hundred 
grosses, or so, of pens are placed togi^or in an iron i^iindor, 
which is made to revolve slowly over a number of gaa jets ; thus, 
turning constantly over and over each other, the pens turn 
colour in oompany with the utmost regularity, the opentor who 
is watching ike process taking out a litV ahcvelfaU now and 
then to see how they are getthog on. 

The next process is to scour and poHsh them. A qmmtity of 
pens, mixed up with something that looks like fine cinders, but 
which is in reality old casting pots pounded i^, are put into a 
barrel after being well wetted. The barrel, which is of iron, is 
fixed upon the revolving shaft of the machinery, and chums the 
interned mass until c^ery pen is scrubbed white. ^ Another 
useful objeot is effected in the process, vis., the rounding off, by 
abrasion, of the raw ontaide edge of the pen, espeoiaJly that of 
the point, which otherwise would be sure to scratch. A similar 
treatment with dry material, of a finer kind, puts a smooth sur- 
face on the pens, and makes them shine like silver. 

They are then taken back to the work-rooms, and glaz^. 
This means polishing a little off the back of the nibs, to give 
them elastioity, answering to the scraping of the .old quiU pen 
with a pen-knife. After this oomes ike important operation of 
slitting. 

In the early days of pen-making, the method of doing this 
was the very deadest of dead secrets. It was performed with 
the utmost mystery in a looked and darkened room, the sacred 
floor of which no visitor, however distulkuished, was ever 
allowed to tread. The work-people were picked and bound 
to secrecy. There was a traffltion even that they were r^ 
quired to ** kiss the book ” before initiation. The slitting is 
shown as freely now as any other branch of the manufacture, 
anc), like many another mystery, does not appear to have much 
in it when it is disclosed ; in fact, it seems as simple and 
obvious as did the process by . which Columbus made his egg 
stand on end. It is simply a cut made by a pair of scissors. 
True, the soissors do not resemble in the least that useful 
household instrument which bears the nanie, tke two blades 
being square slabs of steel, with sharp comers rather than 
edges, fixed firmly in a press, the one made to slide nicely past 
the other. If there is any mystery at all in the matter, it is in 
the extreme nicety with which these tools must be fixed, to 
ensure the slit being clean, and exactly in the middle of the 
point. As ploof of what may be done by skilful, hands in 
this way, there was a number of pens shown by a Birminghw 
firm in the Paris Exhibition, which had six distinct slits 
within the width of an ordinary point, each being perfectly 
clean and sound, and, as shown nnder a microeoope, at uniform 
distances from each other. 

This process properly completes tke series, but most pons are 
subjected to further treatment, in order to improve thek appear- 
ance. Some are browned; which is done by heat^^ them 
again in the cylinder, to the dark yellow point (this making no 
alteration in tkeir temper, os befmre exifiained), and afterwards 
coating with varnish. Some ore blued over again, and 
s<^d in that state. Some ore plated with oopi)^, or gHt 
Many, after being coloured, are again glased orosswise, putting 
a bright belt upon them whioh looks lively, end pashaps odds a 
little to their elasticity. 

Some idea of the extreme quickness with which these nuuiipu- 
lations ore performed may be derived^ krom the la<^ steel 
pens have been mode and sold in Birmingham for the incredible 
price of 1^. a gross t A man of not muoh move than middle 
age will remember the blaok barrel pens, tke first steal pens of 
oommeroe, that'were sola for a skHUng apiece^ more ae enriosi- 
ties than anything elae, lor thty were no watch for tke eosy* 
fdng quill. After all. A good qnill pen was pleoaont to write 
wHk, and so woe travelhiif by toad i^eoianter than travelling 
by roU.^ Bat qniilA Hke eoauVe, tooh up too mnek tuna. 'Who 
that remembers the ndaery trying to vnite with adilapidated 
qaBL ikat opameted all ***«^i^ 

after a oeaMk loreomelkwg ikot n^ht lerfeaaa 
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p6&*^pW| lo be Blit Jx a diteetlon 

eitb)9r hy ot the pen-kiiife» or i^e fliek of the 

; ke^ inlfodbiig iteelf to be cat Bwy light to the 
stoxn^ b^OM it ooiUd be coaled into writing ai legiblg m an 
ordha^ a^wer^^ that mnembere thia, but iHU prefer 
the ikat iM elegant ateel nibt which can be changed and 
fixed in a mottientf Ineie are tome whose falih is yet bnilt 
upon tlk bat they are of the aame order aa those who 
beBere in wobdro waU4 n»;uEala>lQading gone, and tihder-boxna. 

PAEMING AND FARMING ECONOMY.--VL 

By J. WxiaxTSOa* ProfeMor of Agricottare, Bojat School of Hiaca. 
icANAoncaNT or boot-o&ops. 

Boot«obof sowing conunenoes with mangel-wurzel the last 
week in April, and is oohtinned np to the middle of Angoat. 
Swedea are sown in the north of England from the 10th to the 
last day of May, and in the south from the Ist of June to the 
end of the month* In the north, white tamips are best sown 
from June 10th to 20th, and in the south they are planted aU 
tiu'ough July and into Augast. Early sowing cannot be prac- 
tised in the south on account of mildew, which is exceedingly 
liable to attack early-sown tamips. 

In the following remarks it wiU be impossible to go into details 
with reference to all the root-crops usually grown. We must, 
therefore, content ourselres with an account of swede and tamip 
oultare ; and since the preparation of the land and the after 
cultivation is similar in the case of all our root-crops, these must 
be looked upon as fairly representative. 

Methods sowing* — ^Bo^ are sown on **the flat** and on 
** raised ridges.’* In the first method the land is brought into 
a clean, fine condition, and after harrowing, the seed is sown 
with a ** drill ** in rows from sixteen to twenty inches apart. 
In the ordinary forms of the implement, superphosphate or some 
other portable manure, mixed with ashes, is drilled with the 
seed at the rate of 8 to 4 cwt. per acre. Of late years a drill 
has been much used in the southern counties in which 300 
gallons, more or less, of water are used per acre, in the place of 
ariies. The portable manure is added to and mixed with the 
water, and the whole is distributed from a tank by revolving 
buckets, conducting-tubes, and coulters, which carry the liquid to 
the ground, where it comes in immediate contact with the seed. 
A better distribution of the superphosphate, a quicker germina- 
tion of the seed, with a more certain and regular crop, even in 
the most droughty seasons, are among the principal advantages 
of the water-drill. 

Drilling on the flat is adapted for dry and rather light soils, 
where raising the land into ridges would be attended with loss 
of moisture from increased evaporation. This method prevails 
in the south, while raised ridges are most frequently used in the 
north. 

The Northumberland system of raised ridges originated in 
Norfolk, from whence it was introduced into Boxburghahire by 
Mr. Dawson of Frogden, in 1764, and subsequently it spread 
into the fine tonup-growing district of North Northumberland, 
and finally over the whole country. It is difficult to convey an 
accurate idea of this method of ''making turnips,” as it is 
termed. The land being in proper tilth, an ordinary plough, or 
better still, a double mould-board plough, is used to taue up the 
^nely worked soil into ridgeleta of from 27 to 80 inches wide. 
The land will then , present the appearance indicated by the 
oontinuons lines of ihe accompanying figure. Dung is carted 


4-27 in, ^ ^27in.-> 



and s^ire^ carefully in the opened trenchee, after which the 
ri^^^ ^lil^ over Ihe mahuxa, ae shovfn by the dotted lines. 
The xashl^ U a fine . seed-bed, underlaid by moist farm«yard 
manw^ hhd doim the oentre of eve^ ridge die seed is sown by 
meaiis ^ ^ turnip driB, iui^had with concave iron 

level, the io^ oi the ridges. The 
Arri^w|ih«nt and hoo^^ and the expense per 

aoriv ireadijjf *eeh in the acopiB|^ahyinf stateme^^ 


A s. d. 

8 teams rising smd splitting drills at 6s. per day 

each . . . . . « . .OieO 

Say, 4 horses catting dung at 3s. egoh . . 012 0 

3 men and 1 boy fllUng manure at heap at 8s. dd. 

X>er man. Is. 6d. Ihe boy . . » • .066 

1 men drawing out manure into smsll heiqM in 

every third ridge 0 2 6 

6 women spreading manure at lOd. per day . ,060 

9 women sowing artifloiol manure ut lOA per dsy .018 
I time of 1 muu and 1 horse sowing tum^ on 

ridges . . ,080 

" A2 6 8 

Or 08 4 ocros would be completed in one day, 11s. 8d. por acre. 

The advantages of this system are, that the dung is placed 
immediately beneath the se^ that the horse-hoe can be used 
as soon as the plant is visil^e along the rows, and that the 
finely tiUed soil is gathered np oonvenien% for the young 
plants. . 

The manuring of the root-orop is in itself an important 
question upon which much might be written. Farm-yard manure, 
superphosphates, and groanos are the principal matmials used for 
the purpose, and the quantitiee employed per acre vary widely 
in different localities. We Should recommend the £i^*yard 
dung to be applied to the land nearest the buildings, and the 
roots thus grown to be carted off for consumption by cattle at 
the homestead. Turnips at a distance may be grown with the 
help of " artificial ” manures, and fed upon the Iwd with sheep. 
In this way cartage will be saved, and the land wiU be kept in 
good condition. With regard to the quantity of manures used, 
and the proportions in which they are mixed, we have coUeotod 
the following information. Mr. Thomson, of Mongoswalls, Ber- 
wickshire, manures as follows : — ^For swedes, 20 single horse- 
loads of manure, 2 owt. of Peruvian gnano, and 3 to 4 cwt. of 
bone-superphosphate. When the crop is intended to be eaten off , 
with sheep, one-third less is used. For turnips, 12 to 16 single 
horse-loads of farm-yard manure, and 3 owt. of bone-superphos- 
phate ; or 5 or 6 cwt. of bone-superphosphate alone, when folded 
off with sheep. Mr. Lee of Dilston, for many years secretary 
to the Hexham Farmers’ Club, tried several experiments between 
Peruvian guano and other manures at equal prices per acre, and 
three years out of four guano produced the heaviest crops. Mr. 
Wood, of Thombrough, a successful Northumberland farmer, 
and a man of experience, writes as follows : ” We generally give 
our swede turnips 16 to 20 cart-loads of farm-yard manure, and 
3 owt. of guano. Eight bushels of bones (d^solved at home 
with vitriol and mixed with sawdust and a^os) and 4 cwt. cf 
guano prodnood the best crop of tamips that we ever had.” 
Mr. Lee of Dilston informs us by letter that he has used foi 
swedes 17 cart-loads of farm-yard manure, 1} owt. of Peruvian 
guano, and 4 owt of dissolved bones. Again, for Palmer’s 
yellow turnip on light land, 8 bushels of half-inch bones, 1 
cwt. of Peruvian guano, 2 owt. of Bolivian guano, and' 8 cwt. of 
dissolved bones. Again, 8 bushels of half-inch bones, owt. 
of Peravian gfuano, and 5 owt of dissolved bones. The writer 
has seen crops of mangel in Lincolnshire manured with as 
much as 17 owt. of guano per acre. Such, extraordinary 
dressings are, however, a^ldom met with, and the owe last 
mentioned is probably unique. On the jQotswold hills the 
praotioo is to raise turnips and swedes with 8 owt per acre 
of ” superphosphate,” and probably from 8 to 4 owt of “ super- 
phosplmte ” is the most ordinary amount of manure used for 
this crop. 

The land being ready, and the manure mixed, nothing remains 
but to sow Hie ceed at the rate of 8 pounds per imperial acre, 
either on the flat or upon the ridge. If the weather is iavour- 
able the young plants wiU show Hiemselves in less than a 
week, and immediatdly on their aippearance they are subject to 
the attadcs,of the tumip-fly, or, sm it should be paore properly 
caUed, tnmip-be^e. . This smidl beetle appears with 
turnips, and has been apparently waiting for them, feeding 
the while upon charlock, Jaek»by-the-hed^ and other eruoi- 
ferous plants. The turnip appears above groond with two 
cotyledon leaves, which are soon replaced by the ordinary 
lyrate leal of the tribe» with its choraoteristio roughness or 
smoothness according to species. It is only while in ^e 
early phyton state that the tnmip is snhjsot to the athsoks 
o^ ihe *6 soon as it is fairly into the rough leal the 
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beetle is powerloMU This peet will, in drcmghtj weather, fre- 
quently 0 ^ off a whole fl^d, leaving nothing but the tender 
joitiig fooiretelk entirely dmwdbd of iMves. In anph oaMs the 
only ooaree open to the farmer ia to aow again, and in some oases 
he may have to sow a third time before he snooeeds in obtaining 
a plant. Many plans have been proposed in order to destroy 
or evade this enemy of turnip onltnre. 'Without further oom- 
ment we give a few of the best known redpes, founded upon 
the principles of destruction, for rendming the insect’s food 
unpalatabl^ and of diverting his attention by feeding him on 
something which he will prefer to the crop. Among the 
Brst methods, it has been proposed to sow a small batch, of 
turnips in a field comer ) . the result being that this piece 
becomes speedily infested, and sucoessive hordes of beetles 
may be in tom destroyed. The means proposed for this end are 
as follow : — 

Take a board and support it on wheels} tar it on the under 
side, and then draw it over the young turnips. The instant the 
shadow of the board passes over the unsuspecting turnip flea, 
hb leaps up, and adheres to the tarred surface. A tarred rope 
dragg^ over the land has been used with similar intent. Fine 
dust has been sprinkled over the young leaves before the dew 
has evaporated, in order to render thi home uncomfortable. 
The late Mr. Fi^er Hobbs’ mixture for this purpose oonsisted 
of 1 bushel of white gas ashes fresh from the gas-house, 1 bushel 
of fresh lime from the kiln, 6 lbs. of sulphur, and 10 lbs. of soot, 
all well mixed together, and reduced to as fine a powder as 
possible ; this will be sufficient for 2 acres of land. Another 
mixture recommended by Mr. Hobbs was 14 lbs. of sulphur, 
1 bushel of fresh lime, and 2 bushels of road scrapings per 
acre; mixed for a few days previous to application. B^d 
scn 4 >ing 8 alone have also been used with good effect. A 
third method consists in sowing plenty of seed, and as the insect 
is pairtial to white turnips, it is well to sow some of this seed 
wi^ the swedes, and to hoe out the white turnips at the time 
of singling. In^nious as some of these methods are, most 
farmers the chances against the fly, and take no precautions 
to prevent its ravages. The turnip is subject to many other 
ins^ attacks, such as the wire-worm {Slater obscurus)^ the 
black-jack {Athalia spinorum), and the surface grub, which 
name appears to be applicable to the lorve of several moths. 
Aphides and mildew are also frequently trying to the crop, and 
render it uncertain. 

The after cultivation of turnips and swedes consists first in 
horse-hoeing between the rows ; then in singling or thinning ; 
thirdly, in horse-hoeing and hand-hoeing combing ; and lastly, 
in a third horse and hrad hoeing. Hoeing is important both as 
a means of stimulating the growth of the crop, and keeping the 
land dean. In singling, ^e plants must be set at a proper 
distance apart: from 9 to 12 inches for white turnips, and 
from 14 to 18 inches for swedes, are good intervals. The 
best plants must be left, all weeds must be out, and all the soil 
should be stirred with the hoe. The gate is now closed, and 
the young plants are left to the influence of a genial moist 
autumn, which wiU probably give us from 15 to 20 tons per acre 
of valuable winter food, and in the case of mangel-wursel we 
swy look for from 20 to 25 tons. We shall next have to con- 
sider the best means of storing and: consuming our root-crop, 
and la^y calculate the cost of producing it. When swedes 
or turnips are fed uxx>n the land, they are either eaten in Htu 
by sheep, or are placed in heaps convenient for the turnip- 
cutter. In the firat case, no labour ia necessary except the 
dtifting of the sheep hurdles. In the second case, the turnips 
are pulled, thrown together into heaps, and covered with a 
protecting layer of straw and earth. When reqidred for cattle 
they are carted off the land, stored conveniently for tiie 
buildings, and covered up from the frost with straw, and some- 
times earth in addition. In all these cases it is well only to 
out the tops off, and to leave the roots untouched. 'Wkite 
turnips are seldom stored for any length of time, but swe^ 
will keep till May. 

We have bera compelled to treat this subject with un- 
becoming brevity. Every one conversant with farming matters 
knows that eacm point touched upon in the above outline of 
turnip cultivation is wortity d thorougii disccusdon } but such, 
we apprehend, is sosroelj tike object of the present series. In 
oouoluding this part of the subject, we append a detailed 
estimate of the cost of the various operations desoltibed. 


ootT ov eaowzKa a <mop op mmvmu 

A a 4* 

Paring stahUe ... . • • ,085 

BoUing and harrowing • « . • • *080 

Oatharing woads « • • « -020 

Burning . • • • • . • *0 80 

Carting nianura . . • \ * .050 

Spreading do. . • • • • • • .0 I 0 

Deep ploughing « . . • . - « 0 8 0 

Spring oultiration : ssy 1 ploughinf 8S., 2 culti- 

▼ators at 8s., harrowing la 6d., rolling 9d. . 0 16 8 

Sowing on the flat • . • . . • 0 *2 0 

Sxpenaes on mixing ashes and Bupsrphosphate ,024 

‘Sinfldiug .042 

Saoond and third hoeing hy hand . . * 0 8 6 

8 horse hoeinge at Is. . . • • « *080 

Heaping . * . . .070 

Total horse and manual labour 48 $ 7 
Seeds lbs. at le .080 


43 2 7 

4. a d. 

Manure t 1) owt. of guano at 14a .110 

8 owt. of superphosphate at 6a 0 18 0 

1 19 0 

45 8 7 

To this may be added rent and taxes, say J22, if we view rent 
as an expense. Tt is, however, more correct not to do so, as rent 
is really a share of the profit, due to the landlord. Again, we 
have not charged for farm- 3 rard manure, as this and future 
oalcolations will be simplified by allowing the farm-yard dung 
and the straw, neither of which are in ordinary oases saleable 
commodities, to oanoel each other. 


BtJILDERS* QUANTITIES AND MEASUfiE- 
MEl/TS.— II. 

BY ■. WYNDHAM TABN, X.A. 

Having “ squared ” all the “ dimensions,” as shown in our 
first paper, the next operation which the measurer has to per- 
form is that called 

ABSTBAOTZNG. 

This process consists in taking a sheet of paper ruled into 
vertical columns about one inch wide, and having the titles of 
the several artificers written at the top; one, two, or more 
columns being devoted to each trade, as the oixeumstanoes and 
number of different items may require. We shall give a 
specimen of au^bstraot sheet under each trade as we proceed, 
so ae to show how the several items are arranged there^. 

Having prepared the abstract sheet, we next proceed to 
abstract all the measurements from the dimension book, and 
enter them in the several ruled oolumne in regular order, 
dimensions of the same kind of material or workmantiiip being 
entered immediately under each other, so that they can 1 m 
added together when all is completed. It is very tssential in 
abstracting to carefully classify the different materials, having 
separate columns tor “numbers,” “runs,” “super.” and 
“ cube,” as well ae for articles of diilercnt quality or thickness. 

'When all the measurements have been abstracted from the 
dimension book, each item being struck out as it is abstracted, 
and all those of the same sort are added together, the measurer 
next prooeeds to reduce the quahtities to their various stan- 
dards of measurement, whether feet» yards, rods, squares, or 
otherwise, which will be explained under the headings of the 
several trades as we proceed* The next and last operation of 
the measurer is oaUed 

BBINGIMO INTO BIIJi. 

In this process the whole of the itmns are taken out from the 
abstract end placed in order on ruled bill pKpeatt commenoing 
in each trade with cubed woxki which is fbllo^^ by super, 
work, then the runs, and lastty the numbers of article vrhi6h 
are taken at so mn^ Apiece. The quantity of ea^ kind of 
work is placed in the left-hand oolnnkn, and on the ri|;ht hand 
is a column for the prices to be affixed to each item» mid three 
columns for the £ f. 4. to whiclk each amounts when wioed cut* 
We shaU hereafter give a specimen of a detailed bm of quan- 
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wbioli wUl explain for itielf the xyetem adopted hy 
•nrreyori and taeaamn in the final prooeea their work. 

We aludl »ow prooeed to eiqplain the modee in which the 
lorefitfiag ndee are applied in the raziona tradea whioh are 
employed in bailding operationa, aa each hat ite own peon- 
liadtieai tiiere being alao yariationa in the aame trade in 
difkreni parte of ^e kingdom* Aa, howerer, the ayatem 
adopted London anrreyora ia generally reoogoiaed in all 
har^ towna, we ahall oonfine onr attention chiefly thereto. 

BXCAVATINO. 


▲BSTaJLOT. 

C. Digging in cloy ud c. Digging in day, 2 


carting. 

27)2008 2(74 o.ydi. 5ft 
182 

118 

loe 

5 . I 


throws, part fiUad 
and nunmad, part 
whaelad 2 mna. 
a7)7a ll(28i «• 9^ 

j 

18 ' 


C. lagging in gmval, 2 
thrown, filling in and 
ranuniw* 

27)2068 U(77i a yds. 
162 

196 

162 


1!1ie work of the exoarator ia digging ont the ground to form 
the basement storey, the trenoheBforfoan3ati<ms,and for laying 
the draina. Where there is a basement storey and yanlts, mea- 
snre them first, taking the length, breadth, and average depth ; 
the length and bread^ shonld be taken al^ut siz inches ontaide 
the fi^eatest prcjeoidon cl the footings of the outside widle, 
nnlesa there is an area round the building, in whioh case the 
dimefisions must molnde the width of the area. Next measure 
the length of the footings, or foundation of the walls, by the 
widdi, adding at least twelve inphes thereto to allow for laying 
the bddtp, in oaee there is no oonorete below the footings ; bnt 
if there is a oonorete bottom measure the nett or exact width of 
the concrete for the digging ; the ** super.** thus obtained must 
be multiplied by the depth of the bottom of the foundation 
below the floor of the basement story, as previously measured. 
The trenches for the drains must be taken at least eighteen 
inches to two feet in width, and in all oases siz inches must be 
allowed on eacfii side of the drain to give room for laying. It 
ie necessary to keep all these items separate in the ^mension 
book, as the earth excavated from the footings and drains will 
be pertly filled in and rammed, whioh must be described against 
the items in the book. The depth to whioh the earth has to be 
exoavated, and the nature of the eoil must also be stated ; if 
the depth is under six feet, it ia called one throw / bnt if more 
than that, it is charged extra as two throws, down to twelve 
feet \ beyond that aa three throws, to eighteen feet, and so on. 
When the earth has to be removed from the premises, state 
how far, and whether in barrows or baskets, at so many runs of 
twenty yards each, or in carts at per mile. If the earth to be 
excavate from trenches ia of a loose nature, it may be neces- 
sary to provide planking and strutting to keep it from falling 
in while the wi^ is being built or the drains laid } this is 
generally taken separately, at per yard run, describing the 
depth and width of the trenoh. 

All exoavated earth ie eetimated by the cubic yard, so that 
the number of oubio feet brought into the abatraot must be 
divided by 27. Cellars or vaults built underground, and 
covered hy earth, have to be first covered with a layer of 
** olay puddling,** six inches thick, to keep out the wet ; this 
is measured by the ** super.,*’ and in the abstract the number 
of feet ia divided by 9 to bring it into yards. Also, where 
earth has to be spre^ over a s^aoe at a depth of not more 
than twrive inches, it is taken in i^e name way, and brought 
into super, yards. 

The following example will best explain the mode of entering 
the dimensions of the excavator’s work : — 

Digging in day soil for bsse- 
ment storey and cellars, 1 
throw, and carting 1 mile. 


Ditto, ditto, to foundations, 
2throws, partly filled in and 
rammed, and partly wheeled 
two runs. 

Ditto in gravelly soil, trenches 
for drains, 2 throws, filling 
in and ramming. 

day puddling over vaults. 


Spreading earth and levelling 
gtoond. 

flanking and atrnttltdr to 
trenebsarr deep, 2'8** wide. 


21 6 
17 9 
5 3 


97 2 
3 6 
2 8 


198 8 
2 3 
7 8 


18 6 

9 8 


50 0 

88 6 

ms 


2008 2 

752 11 

2066 U 

115 8 

1625 0 
128 8 


Sap. clay paddling. 
2)mj 
12yds. 8ft. 


Sup. levelling earth. 
9 )1625 
IBOj^yds. 


Ban planking A strut- 
ting to trehchea, 7^9' 
dMP. r 8^' wide. 
8)128 8 


WELL-SINKINQ. 

The digging and siuking of wells uid cesspools are measured 
together, including atee^g, or laying brickwork without 
mortar round the well. They are taken at so much per foot of 
depth, describing the diametw of the well in the clear. If the 
brickwork is laid in mortar or cement it must be described as 
such. The character of the soil through whioh the well paasee 
must also be mentioned. If water has to be pumped out of the 
well while the work ie in progress, the ooat ia charged sepa- 
rately at per gallon. 

Boring is tf^en by the foot depth, but increases in cost per 
foot aa the depth inoreaaes ; the nature of the rook must be 
stated, and also the diameter of the bore required. 


PRINCIPLES OP DESIGN.— XXIIL 

BT CHBIBTOPHBR DBB8BBB, PH.D., r.L.8., XTC. 

POTTEBT AND EABTHEN VESSELS (oonttmud). 

Im this chapter I purpose devoting special consideration to the 
shapes of earthen vessels, and then noticing the manner in 
whioh ornament should be applied to them. 

In his primitiye condition man appears to have used the 
shells of certain fruits as drinkmg vessels and bottles *, and to 
this day we find many tribes of unoi.vilised or half-civilised 
men using the same claaa of vesaela. '* Monkey pots *’ (the hard 
shells of the Lecyihia aUaria)^ the coverings of the Brasil nnt, 
{BerthoUtia excelsa) and espedaily the rinds of the calabash and 
many species of gourd (Figs. 81, 82), have been used in this way.* 
The first efforts made at &e produotion of earthen vessels were 
mere attempts at copying in day the forms of the friixt-shdls 
whioh they nsed. After a power of forming earthen vesads, 
having a certain amount of perfection of manufacture, waa 
gained we still find the origin of the art manifested by certain 
works. Thus in China, where the potter’s art has so long been 
understood, we still find vessels made in die form of the bottle- 
gourd, just as was their custom in the days of their first mannfho- 
taring efforts (Fig. 83). Before considering the shapes of vessels 
from a utilitarian point of view, I shonld tdl the student that 
certain shapes are oharacteristio of different nations and of 
different periods of time. 

The Ghreek shapes, bs we may call them — ^that ia, the forms of 
those vesads whioh the Greeks prodaoed-~*are of a particular 
class, and the vessels produced by the Egyptians are of a 
different type ; while those of the Chinese, IndSna, Japanese, and 
Mezioaus again differ from each other, and from th^ of both 
the Greeks and the Egyptians. For grace of form the vessels of 
the old Greeks stand pre-eminent ; for simple dignified severity, 
those of the Egyptians ; for quaintness, those of the Mexicans ; 
for a combinadon of grace with dignity, those of the Chinese ; 
and for a combination of beauty with quaintness, those of the 
Japanese ; while in many reaped the Didian shapes resemble 
those of t^e Japanese. 

I cannot enter into any details respecting the oharacteristio 
forms of vessels product by these various nations, but must 
content myself by giving a few illnstrati<ma of the variona 
ahapea, and leaving ^e matter with the learner for atndy . The 


* AU who ore interasted in this suhleot aze rafened to a paper 
pnhUahod in the *' Tronaaetiona of the S^nhuxgh Botoniosl Society,’* 
for 1859, by Bideasor George Wilson, on the *' Fruits of the Cuour* 
bitsoen.** 
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Britfeli Hmeom, 1^0 South Kensington Mosenm, and the airohing the orifloe} and of I^Gteek^ its being ^wvoQg^^ 

Indian Hnsenm idU aid him in his resesjrtdids. the seonre base, the wide month, the oontmotion in the omitse, 

It has been said that the ohoiraoter of a people oan be told hj and the handle at either side. We shonld ; jndge irom tiibese 
their water-eesaela. As the ocmsideration ^ this statement will Tesaels that the E^prptisns drew water from a riTor, or eome 
lead ns to see how perfe^ a domestio ntensil may answer the pomtion which xeqnii^ that the ▼esssi be attached to a oord 
end which it should serve, 1 will extraot from my **Axt of and oast iidio the source of supply, to the tounduess of the baee 
DeooratlTe Design ** a few remarks on this subject. at once points to this, it being a provision for enabling the 

This statement oan well ** be illustrated by the Egyptian and Tessel to fiH by taming upon its side (were its base flat it would 
Greek water-vessels, the former of whidii has sides tapering io float on the water) ; it is also formed out mettid, so as to 
the top and invrards, a orifice, and a rounded facilitate this end. The arched handle not only points .to the 



hose, and the mouth of the vessel bridged by an arched handle, l attachment of the vessel to a string in order that it be oast into 
the whole being constructed of bronse (Fig. 84) ; the latter con- 1 the water, but also to the carrying the vessel pendent from the 
Bists of an egg-shaped body 'the broad end being above) resting hand in the maimer that pails are at present carried, and the 
npon a seonre foot, whioh is surmounted by a large, divergent, oontraoted month restrains the splashing over of the nrater t 
fonnel-shaped member {Tig, 85). It has no handle over the and what this simple water-vessel points to we find to have 
orifice, bat has one at either side. j been the esse, to the Egyptians derived water from the Kile in 

** Kot only do these vessels ^er in form, but associated the very manner that the vessel would indicate ; but with the 
ciroumsianoes differ also; and it is this variation in oiroum- ! Greeks oiroumstances were different, as the water-varael would 
stances which brought about the diffetmioe in form of the two hidioate.. The base is here flat, in order that the vessel may 
water-vessels. stand ; the mon^ is large, in order to ooHeot the wsto whioh 

^*The peonliarities of the Ijgyptian water-vess^ are its fell fton above, from the dripping^rocdcs and vn|it^-q;>o«its. 
formation of bronse, the roondneas of its base, whioh renders it This being the manner in whioh water vrns gathered,^ vessel 
unfit to standing, the narrowness of its mouth, and the biuuile formed ^ heavy, metal woe unneoesiaryi the oontnidhm pre* 
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Tteted th« wtibmt t^m «pia<iliiiig qyw -whm oasridd, and up to 
tto |M)ixit'tba fiUod) and no Higher ; and the Handlee 

at ^ ^dee i^v that it waa carried on Head. Bni* ir 
con}imotion ^Hth iHie mode of carryingt there ia another con* 
aideratUm of intereet, which ia* the centre of gravitj waa high. 

* H we attempt to hahuioe a atiok, 

Jobvirng one enlarged end| on the 
fing^i Itwtli be found neoeaaary 
that the weight be at the top; and 
in. balancing anything, it will be 
found tibuit the obje^ in order 
that It fide eteadily, mnat bare ita 
point of greeteat weight conaider- 
ably elevated above Ita baae. In 
the Greek water^Teaael, which 
waa carried balanced on the head, 
we &id thia condition fully oom* 
plied v^th, the centre of giav% 
ooonpying a high poaltion, while 
in the Sg^tian yeaael the centre 
of gmvity waa low; but where 
the veaael ia to be carried nnder- 
hand, it ia aa great an advantage 
to have the centre of gravity low 
aa it ia in the case of a ooaoh, 
where seonrity ia thna gained 
jnat aa the centre of gravity ia 
lowered. The Greek water-veaael, 
then, oonaists of a cavity for 
holding water, a funnel to col- 
lect and guide the water, a base 
for the veaael to rest upon, and 
handles to enable it to be raised 
to the head, and the centre of ^g 

gravity ia high in order that it 

be readily balanced ; and we should judge from this vessel 
that the Greeks procured water from dripping^rooks and water- 
spouts, and this is exactly what did occur. These are the 
direct teachings of the Egyptian and the Greek water-vessels; 
yet how many oiroumstanoes and incidents of common life can 
be conceived as associated with 
these different forma of veaael. 

There ia the gossip round the 
well, and the lingering by the 
river-side where the im^ of the 
date-palm is mirrored by i£e glassy 
surface of the waters. The effect 
of the noise of the splashing water 
upon the mind in the one case, 
combined with the comparatively 
load and energetic speal^g which 
would be neceasary in order that 
the voice be not drowned by the 
noise, and of the calm tranquillity | 
of the river-bank in the other, 
where the limpid water ia ever 
fk}wing on in ailent majesty, 
must be considerable. Then we 
have the potter’s art eaaential to 
the production of the vessel in 
the one cash, and the metal- 
worker’s in the other— 'the dig- 
ging of olay, the minipg of metid, 
the loins and smelting-fQmaoes. 

We will not continae this portion 
of Gie aul^eet any farther, and 
have brought forward this illua- 
tratUm in order to show how well- ^g 

considered objects reveal to us 

the hid^ita and customs of the peoples and nations in which 
they originated/* 

It will now be apparent that erven a common object may result 
hem sadh careful consideration that its form at once suggest 

its uae ; but object will only reveal the purpose for vddoh it 
was created with ds4nitenes8 of eiqpreaaion when it perfectly 
wmwera thei end pn^maed by ita formation. The advice whhdi 
I mmi^five to evQ«y designer is to study carefully exactly what 
is ceqoiredi before he p^ceede to form his idcM of what the 


■ 




object proposed to be created should be like, and then to dili- 
gently strive to arrange such a form for it as shall cause it to 
he p^eotly suited to ^ want which it is intended to meet 
More will be said upon the subject of form when speaking of 
glass vessels and of silversmiths’ work; and when oonsidminff 
these subjects we shall also give 
the law which governs the appli^ 
cation of handlM and spouts to 
vessels, and it is of the utmost 
importance that they be oorraotly 
pl^ed in order that the vessel 
may be used with oonvenicnoe. A 
word must now be said respecting 
the decoration of earthen vessels, 
but on this subject our remarks 
must be brief. 

The object to which the deoo^ 
nation is applied must determine 
the nature of the ornament to be 
. employed. In the case of a vessel 
V which is to be in part hidden when 
in nee great simplicity of treat- 
ment should be ^opM, and the 
ornament may with advantage 
consist of repeated parts. In the 
oase of a plate, little or no orna- 
ment should be placed in the 
centre ; but if there is a central 
ornament it should be a small, 
regular, radiating figure, consist- 
ing of like parts (Figs. 86, 87). 
The border should sIbo consist 
of simple members repeated, for 
89. it will then look well if portions 

are oovered; and these remarks 
will apply equally to all kinds of plates, whether intended for 
use at di^er or dessert. 

Ko plate should have a landscape painted upon it, nor a 
figure, nor a group of flowers. Whatever has a ri^t and wrong 
way upwards is inappropriate in such a position, as whatever 
ornament a plate bears should be 
in all positions as fully right way 
upward to the beholder as it oan 
be. Besides, landscapes, groups 
of flowers, and figures are spoiled 
if in p^ hidden, provided they 
ore satisfactory when the whole 
is seen. 

Plates may have a white 
ground, for it is desirable that 
those articles on which food is 
presented should manifest the 
utmost cleanliness, yet to a cream 
tint there could be no objection. 
1 should, however, prefer white 
plates, with a rather deep blue, 
Indian red, maroon, or brown pat- 
tern upon them, and a pale buff 
table-cloth for them to rest upon. 

In the oase of oups and saucers 
the treatment should be siinilar 
to that of the plate. The saucer 
may have a simple border orna- 
ment, consisting of parts re- 
peated, and little or no ornament 
in the central portion on which 
the cup rests. The cup may 
88. have eia external border ornament, 

and a double nazrow line of 
colour around the upper pmrtion of the interior, but no other 
ornament is here required. 

Whatever ornament is placed around a cup, or vase, or any 
tall object must be such as will not suffer perspective, for 
there is scarcely any portion of the ornament that oan be seen 
otherwise than foreshortened. Let CimpHoity be the ruling 
l»inoiple in the decoration of all rounded obje^ and ever 
remember that a line which is straight on a flat snifaoe beoomcB 
a carve on a rtrnnd surlab^ (see page 897). 
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X htive given whnt ie a oorreot deocnatioii for a plate and oop 
and aanoeaT) bat ^le are other method! of treatment than thoee 
jnat named. The Japaneie are very fond oi plaqing little 
oironlar group! of flowere on plates, saaoers, and bowls (I^s. 
d8, 89). The Qseeks had varioo! methods ci enriohing th^ 
tassas and vases wiUi ornament, and the Egyptians were pastial 
to the plan of rendering a oop as a lotas-fiower (Fig. 90). Bat 
when &ey formed a cap thos, they were oarefal to draw the 
dower conventionally and ornamentally, and never produced an 
imitaitive work* The Chinese treat the flower of the sacred 
bean in the same way (Fig. 91). 

What 1 have said has been addressed to the student. The 
remarks, however, made respecting the form diiosen being, that 
which is most suitable to tlm end proposed, and the conditions 
to which I shall make reference as governing the application of 
handle and spoilt to any object, are binding upon all who would 
produce sati^aotory works ; but to the genius who has power 
to produce beautihd and vigorous ornament, and whose taste 
hasi by years of study and oultivation, become refined and 
judioiaas, 1 can give no rules, his own taste being his best 
guide. 


SAKITABY ENGINEERINO.— X 

WABMING BY HOT WATBtt. 

OwB last paper was occupied by tbe details of some methods 
adapted for heating by the circulation of team water — ^that is, 
water under the boiling-point, viz., 212°, and open at various 
points to the atmospheric air. We now propose to deal with 
another branch of the subject, viz., heating by hoi water ; in 
thu cam the temperature is raised much above the boiling- 
point — indeed, 500^ may be taken as a point that has been 
reached; and the apparatus must therefore necessarily be ^ 
hermetically sealed, and all oommunioation with the external | 
air carefully prevented. Several systems have been introduced 
with more or less of suooese, but the one which has been and is 
'now most extensively in use is that of Mr. A. M. Perkins, which 
we prooe^ to describe. In heating by warm water, many and 
various sizes of boilers may be adopts, and cast-iron pipes of 
various oonstmotion and considerable size are used; but it is 
evident that these materials are unfitted to withstand the 
immense pressure generated on this, which is sometimes called, 
on that account, the high-pressure system. The pipes used are 
therefore of the very best quality of wrought iron made in 
Staffordshire, and proved before being sent to l^ndon up to about 
3,000 lbs. pressure to the square inch. When the system was 
first introduced, about the year 1830, or a little later, the pipes 
used were about )-inoh bore, and about { external diameter; 
but subsequent practical experience has led to the introduction 

pipes of about one inch internal diameter, the friction being 
thus oonsiderably reduced, and greater freedom of oironlatimi 
obtained. 

A certain proportion, varying according to oiroumstanoes, of 
the total quantity of pipe required for heating purposes, is 
arranged in the form of a ooil, and placed in a furnace con- 
structed for the purpose, thus ^king the place of the boiler in 
the ordinary warm-water apparatus. The size of this obil 
varies, of course, with the work to be done, from a little affair 
which may be placed at the back of the gfrate of an ordinary 
dwelling-room, to a large apparatus six feet or more in length 
necessary for wanning the various floors of an extensive ware- 
house or mainsion. Coke or hard Welsh coal, which, not being 
of a bituminous nature, is not liable to olog, is the fuel used in 
preferenoe, and by means of oontrol in oonneotion with the 
fimiace-dqots and dampers in the flues, the heat can be regulated 
with great nioety. As the expansion of the water under ^is 
system increases with the increased temperature, and of course 
to a much greater degree than with the warm-water system, 
some special provision for this purpose is required ; and ^is 
is obtained by fixing at tbe topmost part of the apparatus an 
expansion tube genmnl]^ about four inches in diameter, her* 
metioally sealed and screwed up—it being neoesssry in some 
cases to provide for as expansion of 20 per cent, in bulk. A 
r^erenoe to our last paper will show the absolute necessity 
^ 1 ! provision, as some ^prehension may probably be exdted 
by the high rate of pressure to which the pipes are subject; but 
on sB these subjects pxactioeis the best gni^ssd the recorded 


aoddenis srisingfrom theemptoyni^ of this method ef hesMsf 
when the work has been proper^ and sdentifloally executed ut 
so few, that we have hot yet met wi^ one of itttftoient im* 
portasoe to be worth recording. Ibete are, bowevar, various 
points to be especially attsnded to. 

It will readily be seen that a certain portum of tbs snsB 
vacuum remitiniag when the pipes have him filled with water 
as the temperature is raised to the figures mantmoed abovs, 
must be filled with high-pressure steam, and great oare is 
necessary to prevent this steam from aooumulsring at any one 
point to smh an extent as to cut off the oommunicstim or 
circulation of the water; when this is the case, the result is 
that, though the oiroula^u may still go on, the egmorition 
offer^ by the steam is overcome by a series of blows or jumps 
(resembling in their action the passage of gas through an 
aooumulati^ of water in gas-pipes, which produces the jumping 
in the light with which we are all more or less familiar) ; and in 
a system of hot-water apparatus, when this ooonrs, a setiee of 
heavy blows or shakes are felt which eheke the whole apparatus, 
and sometimes even the building to which it is applied. 

The great secret of the sucoessful applioetion of the system 
is to conduct the water from the coil, in which it is heaM, at 
once to the highest point at whi<di the apparatus is required to 
work, and from thenoe to bring it down through the various 
floors and different levels with intermediate coils or without, as 
the ease may require, until it again re-enters the heating coil at 
the bottom, and the oiroulation is complete. Any attmpt to 
roKScend — i.s., within the oirouit of the apparatus to supply a 
higher level from a lower one, supposing them to be both at an 
intermediate distance between the fumaoe-pipe at the bottom 
and the expansion-pipe at tbe top — is attended with this risk, that 
at some point in the pipe an aooumulatian of steam may occur 
with the disagreeable result above indicated. Another objection 
sometimes urged against tbe system is that^the quality of the 
air heated by iron at so high a temperature is deteriorated, and 
i therefore unhealthy ; but here again the record of foots it on 
I the other side, and the great number of gentlemen’s mansions 
! and other public buildings in which it has been employed ore a 
sufficient answer to the objection. The reason probably being 
that the heating surface being small and the temperature high, 
such a constant current is maintained, that the change of air in 
immediate oontaot with the pipes is too rapid to allow of any 
injnrious effect resulting. 

Having then generally described the oonstruotion of the hri- 
water apparatus as distinguished from the tram, we will 
proceed to give a few instances of its practical application, 
remarking that tbe small size of the pipes affords great con- 
venience for their introduction into all parts of dwelling-hoases 
in a oonoealed form — e.g., they can be oarried between floor 
and ceiling, and 4ihe heat admitted into the room shove by small 
openings or ornamental iron gratings as may be most desirable. 
They may also be introduced in various combinations — a single 
pipe all round the room, behind the skirting, or along one side 
oxiiy, or a double pipe in a similar direction. A room may also 
be efficiently heated by a ooil in one comer, which may be 
arranged so as to resemble a table, and be covert with a marble 
slab; or in ease there is a fire-plaoe in the room whioh has 
been superseded by the introduction of the hot water, a ooil of 
pipe can be placed therein, and if made a portion of U careful^- 
arranged system, the room will be efficiently heated. 

We now gi^e a few examples of well-known pubHo buildings 
whioh have been at various times heated by this method^-some 
of them have since been subjeoted to alterations for various 
reasons unoonneoted with their warming ; but as they are only 
quoted as examples of wbat work has bean done and results 
attained, this does not in any way affect the question at issuu 
To commence with a very small apparatus, two small room! 
connected with a well-known public office, one about eleven feet, 
and one about nine feet square, i^ere warmed by shout sixty 
feet of pipe, a small ooil b^g fixed at .tbe back of ^e grate 
in tbe smaller room, and heated by the ordinary fixe. The 
expansion and filling pipes ware at the aide of the fire-place. 
These rooms were inspected by A professional fsntlemai^irhen 
the temperature of Iht extei^ air wps 40°. In the larger 
room the thermometer stood at 56^, and Ihe pipes were so cool 
as to bsor the hand, the apparatus being very ali^itly wocked. 
On tbe eoldest day in winter, with the i^oss down to 80^, Mm 
tempemture wae 50° with the usual fits. 
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Wt tlow to dototibe o wbU4mo#tt waarohouM in 

la^inViiw h wtoo on appomtoa on a mote extenaiTo soale mm | 
introteSd. ^0 bnfldinff, an ontensire ono, oonaisted of ~ 
bMem^ oootxpiod by ooUmi in one of wMoh the Inmaoe was 
eveoted^ a gsoond^floor used as a paokbig warehouse ; the prin* 
and btarhs’ ^oes on the tot floor ; a sheet warehouse 
on the second flocWi and a third floor used by bookbinders. 
The flow-pips was taken direct, from the basement up to the 
bookbindm* room, and hers the expansion-pipe was fixed, 
this topmost floor being heated by two pipes miming all round 
idong to wmUs. Two pipes ton were taken down through the 
sheet warehouse on to second floor, where no artifloial warmth 
was recpiired, and communicated with two coils, one in the { 
priyate, and to other in the general office. Thence tne i 
pipes were led down to the groimd-floor, where a single coil { 
was placed, snd from this to return pipe re-entered the 
furnace ; the total length of pipe being abrat 1,000 feet. The 
daily OonsumpUon of fuel was about three-qha^rs of a owt., ; 
one-third coal, and two-thirds coke ; and this is a point worth 
remark-— to to office charged the warehouse only at ordinary i 
dwelling-hoase rates. Kor is this a solitary instance, as wi^ 
proper preoautione taken, and to neoeseary requirements of 
metropolitan and local building acts properly complied with, it 
is ireoognised among those commercially interested in the 
question that no extra rate of insurance is charged for the 
intaroduotion of tMs method of heating. The system has been 
extensiyely used for hortionltorsl purposes, and it presents this 
adyantage, that by haying more ton one range of pipes around 
a yinery cr hot-house, it is possible by means of stopcocks to 
regulate the amount of heat to the temperature of the day, 
whatever it may be ; the power of the apparatus being such, 
tot when in operation, the building may at any time bo 
raised the requisite number of degrees above the temperature 
of the external air. 

The number of residences, mansions, banks, and warehouses 
where it is in satisfactory — ^it is, of course, important that this 
should be noted — operation is considerable : and as some- 
what recent instanoes of its introduction, we may mention the 
extensive paper warehouse built for Messrs. Spicer in Upper 
Thames Street j the hall at the Bow station, with refreshment 
rooms and offices attached i and, as a rather unusual application 
of the principle, the first-class carriage shed upon the same line. 
The effect of atmospheric influence in our damp dimate upon 
the cloth, leather, and other materials necessary for the fitting 
of fii^-olass carries, unprotected by artificial warmth, will be 
readily understood* to be detrimental ; but the results of the 
working of the apparatus, which our space will not allow us to 
describe in deksil, are reported as thoroughly efficient. We 
may mention in passing, that portions of Buckingham Palace 
and Marlborough House are fitted with an apparatus of siTniW 
character modified to meet the requirements of different depart- 
ments in some portionB of the buildings. 

The principle is capable of extended application to all trade 
purposes— for drying-rooms of every description where a high 
temperature is required ; for breweries, where an equable heat is 
desirable in all conditions of the weather. One, however, of its 
most recent adaptations merits more than a passing notice : it 
has recently been used in to oonstmotion of patent portable 
ovens for military purposes in the field, and bread can be baked 
m these as perfectly and as cheaply as in an ordinary baker’s 
construction is very peculiar ; a long segment- 
beaded, doable wrought-iren case is arranged in a compact form 
upon iota wheels, to space between the oases being filled with a 
non-conducting material, tot called vegetable black being need 
in preferenoe. The interior, to bottom, and also to top of 
to oven ooosiat rows of pipes a shoH distance from each 
other, and projectiag beyond the oven into the fumaoe, which 
is contained within to external oasing, and is lined with fire- 
brick, and lighted with coke. There k no inter-communication 
b^wm to pipes, those forming to bottom of the oven are 
rif^tly inclined, and to. circulation or flow and return of to 
yifWt prooeeds in each pipe in Hself . ▲ lamp fixed on the end 
w <me Bide throws a light into the interior, and a glass lens 
enmes to baker to watch to loaves in process of baking, 
and carefu% regulate their prctress. Of these ovens a very 
eonsiderable numtw is now in use in to Bnglirii army at 
iMfid thsir hatroduton will doubtless be more 

extensive. 


Tlie great recommendation cf to general pfrooess, however, 
in its application to aU to ordinscy requirements cf domestic 
and oommeroial purposes^ is to wBoiXi Mp9>oe required lor to 
pipes, and to great varied of ways in which they can be adiqpted 
and grouped to meet almost any set of ciroumstanoes. Am 
atmosphfli^ air is carefully excluded, no evaporation takes 
place, and to waste in to water employed is oonsequently 
almost tnappredable. Systems have bm at work for several 
years without requiring any attention ; to only change noticed 
after a considerable interv^ being a certain dozening in colour 
of to water when removed. It is necessary to take every 
precaution before the apparatus is first set H woric to ensure 
the perfect soundness at every part. We have already men- 
tioned the severe test applied to to pipes in to first instance, 
and it is usual before lighting a fire in to fumaoe, or under to 
ooil, as to case may be, to subject to whole, as fixed in situ, 
to a powerful hydmnlio test, which inevitably discovers any 
weak part of joint ; and this having been carefully done, when 
the result is satisfactory, it may be taken for granted that with 
ordinary care in to daily worldng, it will be perfectly efficient 
for many years. 

In our saooeeding paper we shall take up the detail of steam 
and hot air, as applied to a set of conditions similar to those 
before described for warm water in our last, and hot water in 
to present paper. 

OBJECT DRAWING.— .XII. 

MODEL HAEIKO (con<inv«d). 

Possibly from the instmotions given for making a cube in to 
last lesson, as well as those for constrnoting from a flat sheet 
of cardboard a rectangular oblong, generally called a parallelo- 
piped, cor readers, or such of them as may have chosen to try 
their ’prentice hand at this kind of work, have succeeded in 
turning out strong and well-shaped models of to solids which 
we have just named, suitable in every respect for affording 
practice in the art of object drawing. 

We shall presently proceed to give detailed instmotionB for 
to oonstmotion of models of other solids, some as simple as 
those which we have already described, while others be 
found to be more complicate in form, and demanding great 
nicety and exactness in oonstmotion, and ocmsiderahle careful- 
ness in manipulation. But before ente^g on to more practical 
business of to lesson, let ns pause awhile, and endeavour to 
show to learner how this model making may proceed from to 
construction of objects of simple form to others of more elaborate 
shape and multiplicity of detail. For to encouragement of 
those who, emboldened by their first snoocBB in the oonstmotion 
of a cube and parallelopiped, are anxious to proceed to to 
making of objects possessing greater variety and intricacy of 
form, we may point out that to rough method employed is the 
same, or very nearly so, in all oases — ^that the plane surfaces 
forming any solid object, whatever its form may and even 
the curved superficies which enter into the construction of many, 
may be projected on a flat surface of a single sheet of cardboard, 
and afterwards joined up into the form of the solid by means 
of strips of oardboard projecting beyond the outline of the 
surface or snrfaoes required, as shown in our last lesson in the 
oonstmotion of to cube and parallelopiped. 

Modelling in oardboard is more especially applicable to the 
building a^^; but although there may be more difficulty in 
producing 8U(^ objects as carriages, etc., from the ciirvature of 
some of the surfaces which combine to form their exterior 
snperfioies, there is soaroely one of to oonstraotive arts into 
which this beautiful art cannot be introdnoed or adapted, and 
brought into use wi|h advantage both for the maker and those 
for whose pleasure or information to model maybe made, 
arohiteotuzU work of any kind modelling in oi^ is available, 
and all projections, snob as string courses, mouldings, labels 
over windows, to ornamental woodwork or barge-boa^ in the 
gables of Gothic buildings, etc., may be shown with the 
utmost facility by methods that wiU readily suggest themselves. 
In what we have just advaneed, tot modeUing hi card may be 
used with advance for to maker well as for those for 
whom the model is made, we may prove to truth of our asser- 
tion by a single example. Thera are not many who can readilv 
ooncenre what mnar be the appearance that a building will 
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nltimiiAeij piesent when pieced before them in elevatiofn and ontth^eaoh other in o. Draw A c and c B, whioh will oomplete 
eeotion on the flat enrfttoe of a pieoe of paper. To the arohiteot the triani^le. 

or bpilder* ae w^ ae the work^n who are to be employed in It may be well in ihie place to remind the atadenl , that a 
its oonatniotion, the surface drawings give ae clear an indioa- triangle in which only two of the aides m eqnal is oa&d ah 
tion of what the building will be when completed, as a model woscalss triangle* as ]^g. 68. 

of it oonetracted acoordhig to scale. In the case of a lodge, When all fiiree ndes are of different len|^ Ihi flgnre la 
for instance, at a park entrance-gate, how much more readily called a scalane triangle, as Fig. ^ a ri^t^mgled tdahgle 
oonld the owner of the park decide on the style of building he (h^. 70) one of the angles, as o, is a right angle. 



would wish to be placed there, if two or three models could be A right-angled triangle may be either isosceles, as Fig. 70, in 
put before him, instead of drawings in the flat. It is, however, whioh two of the sides are equal, or it may be scalene, ns F^« 71* 
time to return to the main subject before us, and in the present in which the sides are of different lengths. The longest side of 
lesson we will first show how — a right-angled triangle, as v (Fig. 71), is oaQed ^e 

To coMtruct a Mai^tUar prim, the sides hemg egttal. Now to commence the prism (Bg, 72). l>mV w line at 

This object eonsisti (d two equilateral triangles which const!- equal to the required leng^, and at each extrWhity draw ihtes 
tnte the ends of the prism, and three rectangles, i^e width of at right angles to it. 

whioh is equal to the ride of the triangle. On these lines set off from a, a c, c d, and d e eqnal to t^b 

Let us, in the first place, remind the student of the method of width of the rides, and from 6 set off the name leng^ t /• / {ft 

oonstrnotmg an eqnflaterri iriani^. andgh. 

A B (Fig. 67) is the ^ven ride. | B^w c /, d {f, and e h, whioh will oompleto ^ sides. 

Ifrom A and b, with the length (or radi/M) A b* descr^ arcs ; Now* on c d and fg ocmstmdb triangle, jaatibg 
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Cntlialf tlirongh that whm any oyliadrioal tn^aoe ia nnroUed it beoomw a 
tba izi^ Kaad dnt^ly through the outer rniea, and* haring parallelogram ; for any sheet of paper, when roBed up, beoomee 
turned the hg^e, the aides and ends are to be bent up and a cylinder* Ibe question, then, to be lolred is, what sise must 
gumz^ or glued together. the rectangle be so that when rolled it may form a cylinder of 

„ 7^9 ii ^^lopment of a square pyramid. the required diameter, lb accomplish the reanlt which 

Ckmstiruct the square a b d c for base. ; answer this question — 

From a and b, with the lengtii of the slanting edge of the Diride the circle (Fig. 75) which is to form one end of i 
pyramid, describe sros, cutthig each other in e. cylinder into any numbw of equal parts; and it must here 

Draw e a and sb, thus foriE^ an isosceles triangle. aipladned that the greater tim numbw of these par ts i 
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Pi,. 79. 
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Now, fZom e, with the radius * e a, draw an arc, and on it set 
off b ft a p, g K Join these pointa by straight lines ; leare the 
neoessary margins for attachment ; cut the lines either half or 
‘mittrely tlnroagh as required, and complete the figure. 

lb conBtruct a cylinder (^g. 74). 

With the reqtdr^ radius describe the circle which is to form 
one of fibe ends. (It will, of course, be understood that two such 
^ be necessary.) 

Nowit will be perfectly dear, eren to the most ossual obsenrer, 

^ liie fsdiat it the length from the e^tte of a drole to tha dream- 
lapses I it 4s, in :laet,i|to d it tsaoe between the two pointe of the 
empaes whM ^esorib^r a drole. Ihiie, ii it mih aaid, ** With a radioa 
m iaobsil,** it wetud mean, open jbur compaea to the dietaaoe of 


better ; for it will be clear that if these points were joined by 
straight lines, the straight lines would be slightly shorter thati 
the ourye ; and thus the greater the number of pointa the less will 
that difference be. 

In the present esample, which is intended only to show the 
method of* ooustruodon. the oirole is dirided into twelve parte ; 
but this would not inpraotioe be found sufSoient for a cylinder 
of any useful sise, and the student is therefore advised to divide 
it into twioe or thrioe that number. « 

Draw the horisontal Hne a, and on eadi side of any starting< 
point as a, set ofiT the diVisiras b, c, d, «, jf, g. At g^ g ereot 
perpendioulars equal to the length of the cylinder. Join 
these by a horisontal line, and the rectangle thus formed will 
be the surface which, when rolled around the circular end, wUI 
give the required foriii. 
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Of oonxM it must be vemembered, ee in some of the modele 
we JukTo i^eedx irlTen, thet mergins mnet be left e»t the top 
and bottom of tim rectangle bj which ^e droular ends maf 
be attached to it^ 

One word ae to the proper making of this object. When the 
two oireles constitating ike ends are made, and when the rect- 
angle of its fall sise 1^ been cat, this ehonld be rolled up on 
a ronud stick or roller as oloeel;f es oaa be, like a roll of paper. 
This should be done again and again, so that ike surface map 
become perfectly oyl^drical, and may not, from the Tery 
strength' of the cardboard, burat open, idthough they are glued 
together. 

Another good plan is (when the rectangle has been cut, and 
when the edges hare been glued together, edges haring been 
preriously shared down with a sharp knife, and the margin 
haring bWn split) to tie a thread around it during drying, in 
order to keep the cylindrical portion in shape, and to prerent 
its expanding during drying. 

This slwald be i^wed to wait a little, eo aa to become firm 
before being affixed to the droular ends. 

Fig. 76 is the derelopment of a cone haring a base eqnal 
to either end of the <^linder. This should fttupon the oylinder, 
and thus the same oi^ (Fig. 75) which formed the ends of tho 
oylinder may be used as the base of the cone. 

Draw a line a d eqnal to the lei^pth of the alfl-Ti-feiTig aide of the 
cone, and with this length sk a radius, describe an arc. On this 
set ctf on each side of a the eereral diridons of the circle — ris., 
to 6 and e. Draw d h and d e, which will oomplete the darelop- 
ment of the cone. The necessary margin haring been left, roll 
the shape, and attach the edges h d and he; and the base haring 
been prepared, the parts are to be fastened together, thus com- 
pleting the objeot. 

Fig. 77 is the derelopment of an octagonal prism, and we 
must therefore, in the first place, oonstruot an octagon on a 
giren line, ▲ B (Fig. 78). 

Produce A b on each side, and ereot perpendiculars at A 
and B. 

From A and b, with radius A B, describe the quadrants 0 B 
and x V. 

Bisect these quadrants (that is, diride each into two equal 
parts), ris., in a and h. 

Draw A a and b h, which will be two sides of the octagon. 

At H and a draw perpendiculars, g i and h k, equal to a b. 

Draw the horizontals o h and i K. 

Make the perpendiculars a and b equal to o h or t b — ^ riz., 
A L and B u. 

Draw 1 L, ii K, and X X, which will oomplete the octagon. 

Now to make the prism (Fig. 77), draw the line a 6 equal to 
the length of the intended prism, and draw a perpendicular at 
each end of it. 

From a set off &, c, d, e, /, g, h, i, eqnal to the side of the 
octagon, and draw lines aoross ; then the rectangle a ij b wUl 
be the derelopment of the surface of the prism. 

At eaoh end ^ one of the sides, as «/, oonstruot an octagon, 
and leare margins on the edges of the rectangle, which w^ oom- 
plete the entire figure. 

When the whole has been out out, the lines b, c, d, etc., are to 
be out half through, so that the card may bend at the angles 
as required. 

Fig. 79 is the derelopment of one of the square slabs shown 
in pMrious lessons, and as this is to be constructed in a manner 
precisely umilar to the cube, the proportions of the sides only 
being raried, no further explanation will be found neoessary. 
The low p^mid shown in Fig, 24, is also oonstmoted like 
that in Fig. 44, the sides bei^ formed oi four equilateral 
triangles. 

The objeot to be next oonstmoted (Fig. 80) is a cross. 
The geometrical form of this will be easily understood. Draw 
the lines for the horizontal bar, a b, c d of eaoh side. Set 
off on these from a the width of the square end, a « / c, of 
the whole eroes, of the other square end, g % j h, and of the 
cross again. Draw the upright bar on eaoh, and the square 
ends at top and bottom ill one of ikese, leaving the margins 
for attachment. The strip (Fig. 81) will then be required to 
flU in the sides of the rigM angles g hi. The mode of 
finishing will now be obview. The six-anned oroes, ehown in 
Ptg. 53, should be made of wood, and will be midmtood from 
the separate parts given in Figs. 47, 48. 49, and 50* 
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BOOKS (oentiniMd). 

Hayikg considered the oharaoter of mteaiwM dry dook^, we 
shall now direct attention to other means of obtaining aooess to 
ths exterior of a vessel — ^namely, by lifting the ship out of the 
water. These may be divided into two clasies — 1st, that hi 
which the vessel is raised vertically out of the water, byai^er 
hydraulic power, or by placing under it anofker vessel having 
the power of floating or sinking at will ; and, find, that in which 
the vessel is drawn out of the water by means of an faiolined 
plane. The means employed in these two osaes are obviously 
of a oharaoter sufficient diverse to warrant their baring ind^ 
pendent positionB assigned them in our notice of the subject ; 
indeed, the first division is itself susceptible of being subdivided, 
and the hydraulic lift graving-dock will occupy our attentioii 
in the first plaoe. 

It is obvious tliat all that is required in order to raise a vessel 
vertically out of tho water is that there shall be a proper hold 
taken of the ship, so that it shall not be subjected to strain in 
the act, and that there shall be sufficient power available for 
the purpose ; and we might add that, having been raised from 
the water, there shall be prepared a proper stage on which the 
vessel shall rest whilst undergoing repairs. The entire question 
of how best to dock a vessel for repairing must, after all, rest 
upon the matter of expense. Without doubt, the most natural 
method is that of floating the ship quietly into a basin, and, 
having properly arranged the necessary supports, simply to 
withdraw the water, and leave her high and dry ; but when we 
regard the immense cost of a regularly excavated dry-dock, and 
remember that such a dock is available for one vessel only at a 
time, and that her repairs may oocupy many days, perhaps 
weeks, we see at once that, looked at siiqply« in a commercial 
point of view, the interest npon the outlay mtist be exceedingly 
limited, unless, indeed, an almost prohibitory scale of charges 
be made for the nse of the dock. Hence it arises that o^er 
means have been suggested for obtaining the desired object. 

The amount of power obtainable by means of hydraulic pres- 
sure is almost unlimited ; and we have, therefore, only to apply 
the power in the proper direction in order to seonre all that is 
needed for our purpose aa to raising the vessel The vessel 
being thus raised, and suspended as it were over the water, it 
then remains to introduce beneath it another and ^eciaHy con- 
structed vessel, having in itself sufficient buoyancy to float both 
itself and the vessel lowered upon it. This, with its burden, 
being then floated away, the hydraulic apparatus beoomes at 
once available for anchor hoirt. Such, then, is the general 
oharaoter of a hydraulic lift dock ; and we shall now proceed to 
explain its aoti(m in detail. 

The **lift ** is a direct meohanioal applianoe for raising the 
vessel by means of hydraulic presses. It consists of a number 
of hollow oolumns ranged in two parallel rows, the rows being 
placed at snoh a distance from eaoh other as that the largest 
vessel it is intended to raise shall be able to pass between them. 
The columns are firmly bedded into the soil, and, for greater secu- 
rity, are connected together at the top by a framed platform of 
wrought iron, eaoh row being, of course, an independent struc- 
ture. Inside each column is ^ed a press, whose base is bedded 
upon concrete, with which eaoh column is filled up to that point. 

In the oase of the hydraulic lift graving-docks in oonneotlott 
with the Ylotoria (London) Docks, at Blaokwall, the columns are 
68 feet 6 inohes long, being bedded 12 feet in the soil. They 
are taper, being 5 feet in diameter at the base, and 4^feet in 
diameter at the ground-level, from which point upward tfasy 
are parallel. There is a clear space of 60 feet between ^ two 
rows, and ike oolumns are plao^ 20 feet apart, from centre to 
centre, and stand on eaoh side of an exoavaM pit, in about 
27 feet of water. There are 16 columns in eaoh row, giving 
16 X 20 3= 820 feet of length from end to end ; but as it is not 
neoessary that a vessel stand entirely within this lengik whOat 
being lifitod, it is praotioable to raise a ship of 350 feet length 
at ikese do^. The concrete upon which the pressei rest ii 
covered with a layer of 8-inoh plank, to act ae a oushion for^ 
oast-iron seat of the press. 

We show in Fig. 90 a section of on4 of the oohunni tm 
intinded press, o c represents ths column, F p tbs prepi, nod 
B ft the ram. x ft b a cross-hsad, 7 fest 6 inohss limtf, wds 
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cf boUer-pliito, 1 foot 9 tooHoi beyond tbe eohiiim on 

•nob idAO) end wOnong^in n Tortioel elot in the oolmnn, wMqh 
ibne eeto ne # gnide lor the nun. Tbe nun, e, ie 10 indiee in 
dinmeter, end bne « et^be d 25 feet oleer, end the oylinder 
encloidny R it reMied in tbe oentre of tbe oolnmn by boiler- 
dinptogyne, J> b, reei^,ee we bare mid, by its 
•nibiron bMe np^ a bed of conovete, with a 2*mob 
•labpf wood between the bard enrfacee. To the pro^ 

Jeotbi^ oeodo of the orou-bead, x are attadied 
wfoiigbt«i^n beri, EB» whiob snppo^ two iron girders, 

«aob 35 feet long, wbiob extend entirely aoroes 
dobb to tbe oorre^ponding oolnsin, and press on 
the opporite side. There ate tiins sixteen pairs of 
•nspended girders, wbiob when tbe nuns are down lie 
at the bottom of tbe water, but rise with tbe rams 
•bore tbe surface when required. These sixteen 
pairs of girders form togetiier a large wronght-iron 
platform, wbiob can be raised or lowmred at pleasure, 
witbw ship upon it. Tbe girders are 5 feet 9 inches 
deep, of wrongbt Iron, troiiied with a cast-iron top- 
flange. 

Tbe pontoons— one of wbiob is floated over tbe 
sunk gbders, and, by the admission of water, sunk 
with ibem to tbe bottom of tbe dook, ready for tbe 
Tessel wbiob it is intended to raise to be brought 
over it — ysaj in dimensions with the sixe of the vessel 
which is to be placed upon them. Their, widtii is 
uniform, being eomewhat less than the clear spaoe 
between the oolnmns, bnt they vary in length and 
depth aooording to requirement. They are constmoted 
of iron, having vertioid sides, and strengthened both 
longitudinally and transversely by wronght-iron 
girders, mnx^g from end to end^ and from side to 
suie. and thus dividi^ tbe entire pontoon into a 
aeries of rectangular divisions. These divisions serve 
the additional purpose of dividing the pontoon into 
several water-tight compartments, each oompartment 
bebg fnxnisbed with a valve, v, in the bottom 
(Fig. 21). 

. In Figs. 21 and 22 we show a pontoon in plan and 
elevation. Tbe pontoons are <^)en at tbe top ; tbe 
transverse girders are 8 feet apart, and auppozt the 
keel and bilge-blooks on their upper flan^. In 
some pontoons the transverse girders slope slightly 
towards ibe oentre, to facilitate the running in d 
the block-frames. The central longitudinal girder is 
made stronger than the adjoining ones, and has a 
broader top-flange, tbe better to support tbe keel- 
blobks. T^ deptlks of tbe pontoons usually vary 
from 5 to 7 fe^ and their tonnage from 1,000 to 




Fig. 20. 


the keel of tbe veseeL The side or b0ge-bk>oksaire next hauled 
in means of chains laid for the purpose on eaoh side of the 
dock, and tbe girders and pontoon, with the vessel resting upon 
it, all raised clear of the water by the presses. The pontoon 
soon empties itself of water by ^ bottom valves, which are 
then dlosed, and the girders bring again lowered to 
the bottom, the vessel remains restni upon the pon- 
toon, which is then floated away, whilet the deep dock 
is at onoe available for another pontoon and ship. 
The operation of raising a vessel end pUtring it 
upon a floating pontoon usually ooonpies ItoSn 80 to 
50 minutes. 

In Fig. 23 we show a vessel resting upon a floating 
pontoon. P is the ei^d of the pontoon, L L the line 
of flotation, and b n the bilge-blooks, which retain 
the vessel in her upright position. 

The arrangement of the hydranlio valves is one 
requiring great attention. It must be borne in mind 
that when a vessel is resting evenly upon all her bear- 
ing-blooks, and eaoh block is bearing ita proper pro- 
portion of weight, yet having regard to the entire 
mass, there wfll of neoearitj be a diaproportionate 
weight at one end or the oth^, and, to a Iras though 
oerfiun extent, at one side than the other. Now when 
a vessel is floating, she finds her pro]^ line of flo^ 
tion, and her centra of gravity remaining the same, 
she will of necessity, even aftw movement, revert to 
her norinal position. Bnt when her weight is trans- 
ferred to another rigid floating body, and espeoiallj 
to a body shaped like a pontoon, any oonsidraable 
preponderance of weight to one end or another oausee 
a risk of her not standing vertically. The advantage 
of the water-tight compartments thus beoomes evident, 
as by the intr^uotion of water at the more rievated 
end a perfect levri can be ensured. 

It is, however, in the act of raising the ship by the 
presses that the xueorasity of oaution in the arrange- 
ment of the hydzauHo valves becomes graatest. Sup- 
pose the pressure-pumps communicated simnltaneously 
with all the presara, it is evident that the slightest 
exoera of weight at any part of the platform woidd 
lower that part, the water passing ba^ through the 
pipes to the presses where less pressure existed $ and 
the same difficulty would be experienced with two 
groups of presses, however arran^. Again, If each 
press were worked entirely independent of one another, 
it is evident that, to avoid unequal strain, precisely 
the same quantity of water must be tlir^^wn into eaoh 


The difficulty is, however, entirely overoome, and 
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3,000 tons, costing Irinn i24,000 to nearly i611,000 eaoh. The . atability secured, by arranging the presses in iJum groups. ThM 
iho^ ^ Oper^on is as follows A pont^ is aslected of f siss groups are as follow Eight adjoining prsssra at one extremity 
s^ tpnpags ssdtable for the ship to be raised, and is floated of the row and the right <^poexte pre^s form one group *, eight 
orer iite eujiA oroes-girders ; the valves in it are then opened, adjoinitig presses at ^ o^er extz^ty of a row form a second 
andi^e pontoon euim upon the girders, and the whole gradually gr^; and the eight preseeeoppoette to t^ second group form the 
lowered to the hotiom of the dook. TJas ship to be raised U third group. The presera in eaoh group ere all oonneeted, and 
then hrcmM between the two rows of columns, and seourriy the position of the three groups thus forms a tripod support 
moored oyer tlm oeutre of the pontoon. The girders ere then . upon which the pontoon reste ; and as eaoh of the three groups 
gmmdlytnisefl imtfl the keri«blooki«ra brought to bear ui^ ! of preeaea can be raised or lowered independently of the other, 
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perfaot level oan be mEintained tbronifhoizt tbe whole operatkm 
of lifting. 

The force-pumps at the Victoria GzaviBg Boohs are If inches 
diameter* and are twelve in number, workod by a 50 horse- 
power engine, six pomps being appropriated to the larger 
groap of presses, and thr^ to each of the smaller. If desir^, 
any of the pumps oaa be out off, and thus more power can be 
applied to the remainder. The presses and pumps were tested to 
^ tons per droular inoh ; the employment of 
j) tons peroiroular inoh applied to whole 

^ the presses being euffioient to raise a 
weight of 6,400 tons, of which the rams, 
cross-heads, chains, and girders ooonpy 620 
tons, leaving available for the pontoon and 
vessel 6,780 tons, an amount of lifting 
power greatly in excess of the tonnage of 
the largest pontoon, and capable of being 
raised, by increasing the pressnre, 25 per 
cent. The cost of ^is arrangement will 
compare exceedingly favourably with that 
of many ezoavat^ stone graving-docks. 

Taking the oasC of the particular docks 
we have dosoribed, their cost was as fol- 
lows: — ^The lift complete and fixed, in- 
cluding columns, presses, girders, pipes, 
and steam-engine, with all necessary 
pntnps, boilers, and valves, .£45,400. This 
is in r^ity all that is needed for raising 
and keeping raised a vessel of 5,000 tons 
burthen and 850 feet length, and may, 
therefore, compare directly with the cost 
of a graving-dock capable of accommo- 
dating a ship of similar dimensions; and the large dock at 
Kew York, described in our last paper, gives us a fair case 
for comparison. This, it will be remembered, cost ^450,000, 
and can only dock a vessel of 360 feet length. When, however, 
we take into consideration the fact that, by the comparatively 
very small additional cost of a pontoon, a vessel having been 
raised can be deposited thereon, floated away for repairs, and 
the lift be made at once available for repairing a second vessel 
of similar dimensions, and so on for any number, by the mere 
increase in the number of pontoons, we are better able to 
estimate the commercial value of tills mode of dry-docking 
vessels. In a mechanical point of view the system will compare 
equally favourably. In the case before ns there is an aggregate 
pumping-area of 42 circular inches, expanding into a press-area 
of 8,200 circular inches, rendering the case identical with a 
lever whose arms are respectively 42 and 8,200, having the 
power of a 50 horse-power engine on the long end, and the 
vessel being lifted upon the short end. In an excavated diy- 
dook there is no advantage gained in the matter ol leverage, the 
work done being direct, 
and the amount of water 
to be removed being im- 
mensely in excess of what 
has to be supplied In the 
hydraulic arrangement. 

The amount of water die- 
tributed under pressnre of 
2 tons per inob is for tbe 
entire hoist 486 cubic feet, 
whilst the water-area of 
theXJnited States dry-dock 
at New York is 610,000 
cubic feet, requiring 2^ : 
hours for its removal. The 
average cost of lifting a 

vessel and placing her upon a pontoon is only .£8, and ooonpies 
less than one hour in the operation. 

The next form of dry-dock, as being the nearest allied in 
cboracter to the kind we have just described, is that known as 
the floating-dook. It is time tiiat pontoons, when employed in 
connection with an hydranlio lift dock, are in reality floating- 
dooks, but the kind we 4udl describe d^l^ essentially from 
these pontoons in the manner in which tl« vessels Ore placed 
upon -them. The pontoons we have aUnded to merety serve the 
purpose of supporting the vessels already raised, whereas a float- 
iug-dook not only supports a vessel* but rail^ it as weU 






One of the earliest retsords of a floating-dock we have datse 
from the year 1776, in whiohyear a shipwrip^ natned flldersley, 
constrhoted a floating-dook cd timber in the Thamet^ itldcb wee 
used for the repair of veatels. Mention is made of ahOtiier 
constructed by Watson, in 1785. He oonstmoted -his d<^ with 
an end-gate, which being lowered to admit a vessel wee elber- 
wards raised and the water pumped of the dock. It is, 

. however, staM that even prior to theee datee-^leot) ab^ the 
time of Peter the Qreat^ Nortii<-oo«ntry 
captain, in tile Bey of Oronstedt, wishing ^ 
to repi^ his veesel, f^d ah old huBc 
Fig. 88. floating in- the bay, end ettanged iheetts 
for letting in and pumping out tiie water, 
BO as to form a floatin^ook. The name 
of tbe hulk was the Conisl; and to the 
present day a ocmtiivance lor raising and 
lowering weights in the water by attach- 
ing them to water-tight iron or wooden 
boxes, which can be emptied or filled with 
water at pleasure, is in frequent use by 
engineers, tbe box being called a ** oamei.** 
Sunken vessels are repeatedly raised by 
the attachment of camels. 

The essential characteristics of a float- 
ing-dook are — lst,timt It shall be possessed 
of sufficient buoyancy, when required, to 
float both itself and thC vessel placed upon 
it ; 2nd, that its oonstruotion shall ensure 
its stability when floating, both with and 
without its load ; and, 8rd that it shall 
be Buffloiently rigid in oonstruotion to 
afford efficient support to the enolosed 
; vessel at all points, assimilating itself in the latter respect to a 
j stone graving-dock. The principle upon which the necessary 
I bnoyanoy is obtained we have already stated^ but the mode of 
! applying it varies. A floating-dook of a peculiarly novel 
character was attempted some years since in the London Books. 
A shallow pontoon was constructed of iron, having a closed deck, 
j and capable of being emptied or filled with water by a steam 
pump. As the water was pumped out--or, rather, as air was 
intrc^uced, expelling the water — ^the pontoon rose; and to 
ensure its maintaining a horizontal deck in the act of rising, 
it was connected with the bottom of the dock by a system of 
side-girders and levers, very similar in appearance to an ordi- 
xuuy doable parallel ruler, as shown in Fig. 24. In tins diag^m 
p p is the pontoon, a o side-guides at the four comers, to 
prevent motion of the pontoon endways or laterally, and ir a 
lattioe-work girder upon each side, possessing lightness and 
strength combined ; B B are levers of preoisbly equal length 
between their centres, connected together by the parallel girder, 
and securely fixed by screw-piles, a b, or otherwise, to the 
< bottom of the dodc. It is 

obvious that by such an 
Q arrangement pe^eot paral- 
leliam is secured. Bnfor- 
tnnately for tiie success of 
the experiment, due care 
had not been tiAen In the 
oonstruotion of the pon- 
toon by the insertion of 
bulkhe^s, wherdby the 
tendency of the wa^ to 
msh unduly to one end 
or side wo«dd .have been 
prevented; and, as a oon- 
teqnenoe ci tiiis omisrion, 
the least exosM of water 
to one side producing a slight depression qf the pontoon, the 
whole mass of water immecUately flowed to the lower level, the 
side-girders and levers beooming so stralhad As to be unrilila to 
perform their ftmotions. The pontoon then tilttd; and settled tu 
tbe bottom, where H remains to the present day, In i^tii bf 
every effort to wdse It. It was hoped, 1^ rapid pum|)^^ to 
create sufficient buoyancy to bring the pontoon to the adriaoe 
for repairs and alteration, but 66 tons of watejr teBaoved per 
minute had tu» effect ; and when sutniequentiy qpmri- 

tities waa forO^ dO^ It, hit blew iq|^ m 

attempts were abandoned. 







SHIP-BUILDINa-^I. 

' BT W. K. 'WXITB, 

dontvolkr and IMvaetor of 27a?al Ooiiitniotioii» 

nrrBfBDB^O^OB — BIBLT ATXBKra — OOBACLB — BOX AH OAL- 

Urr-^BBBBAL BBINCIBLIS OB $aZB8 BTHCLT OV ITOOB — 

DiMm ob «xiFe anb bxbbbbbnobs ik 

99Bbn JBTBBOTUBAL ABBAHOBXBHTg. 

•BoliitMtiird WAS bd fairlj rab^rided into t^o great 
trt«Bbliae‘ "^»bip*deelgn and ihip-oonitraotion. The former is 
tiuit irhieh engagee the attention of tiie **naTal arohiteot,'* 
toeing that term in the popular eenae ; and it inoludee all the 
work that has to be done in fixing the fonn and dimeneione, 
ceAonlatiiig tiie weight, the epeed, and other partionlara, and 
predicting the probable qnali^es of tesaelB before theT’ are 
pttt npon the atooks. The latter — ehip-oonatmotion or ship* 


tioallj aeqnaintid with ahip-bnildiBg, and are detoei^Md at length 
in published works deaUag exdnSrdfy Iteewilh. Moteeirer, 
fagr foUowittg the oourse just htdioatsd, H mmoM possible to brlBg 
into fuller relict the ealieut features in praetioe of a prolsa- 
ricm wtdeh oonstitateB one of oar gtlkt national indnstdes, 
npon our snperioril^ in whhdi we Jastqr pr^ onredyee* 

The histoix of ship-building is, in Its esclttor periods, inyolred 
in great obionzit^, bnt it is neVertlwleas mo^ interesting to 
trace the Tsiioiis stages of its detelopmeiit ; and to those who 
dedre to read for themselyes the story man’s endesyoar to 
make the stmctnres he has fashioned capable of battHog with 
the raging sea, we wotdd strongly reeommend Ohamock*# recy 
excellent and laboriona work,* wherein will be fonnd drawings 
of all kinds of ressels, from the andent galley up to the noble 
representatiyes of that dass which, not long ago, were fondly 
termed ** otir wooden walli.” For the present purpose the 
briefest sketch of this progress must suffice. 
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building — ie the work of the ship-builder, whoso duty it is, 
when famished with tho drawings, oto., prepared by the nayal 
arohiteot, to carry out in practice the design therein contained. 
The ship-builder, therefore, stands much in the same relation 
to the nayal architect that the builder on land does to the civil 
arohiteot ; and although a man may be both a naval arohiteot 
and a ship-builder, ho has in this double capacity to perform 
two disti^t sets «o£ duties, each of which reqiures special 


ng proper is the branch which tho present series of 
papers is intended to illustrate, and but few references will be 
nMe to diip-dosign. Our hope and aim will be to render 
intelligible the great principles which should govern ship-oon- 
structioA, and io show to what extent the arrangements oom- 
mofily adopted are in acoordanoo with those principles. Desorip- 
tioiisifHll-idso be given of the more important parts of the struo- 
turee of difN^t classes of ships, but into tho full details of the 
p r aot iq sl work of ship-building it will bo impossible to enter 
wiUdn i^e^^mitNBd at our dispossif Tl^ fact, howeveri 
appears of lass ixnportBnoe, seeing that the minutim of these 
details will be well known to those of our readers who are prao- 
et-s . _ , w 


In all probability the floating log formed man’s first means of 
transport over the rivers and shallow waters which he desired 
to cross. By easy steps the oonstruotion of rafts, formed by 
fastening several logs together, would be reached; and the 
unwieldiness of these would probably suggest the use of *' dug« 
outs’* — t.e., hollow logs; or it may have been that some aooio 
dental happening upon a log hollowed by natural causes 
suggested ilie imitation of the form by artificial means. It is 
well known that even at the present time such ** dug-outs *’ 
continue in use among savage tribes, the ends of the log being 
sharpened, and oanoes formed — a shaping whioh would soon 
be Buggesljied by expCrienoo as the best for facilitating pas- 
sage i^irot^h the water. Some of the war oanoes tiras con* 
.struoted are reported by tcaveUers to be of large sise, and 
capable of oarr^g a great number of men ; bnt it is obvious 
that the limits of size in vesAslt thus made *Vout of one piece** 
Would soon be reached, and then most haveoome the problem of 
oonsttuoUng out of more pleoes than one a struotuio of similar 
form, that should bo watw-tight, buoyant, and stronk- 

* ** Sistory of Xartne ArChiteotuie.** 
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Whothor or not it w»s at ihia »ta«« or wa oarlier one that the 
eonstmotion of ** ooraolee boata formed of hides stretched 

orer wicker-work frames— began, we have no means of aacertam- : 
ing ; but whatever may have b^n the uri^fin of the coracle it | 
oertaLnlj is a device mating admiration fur its combination of | 
lightness and strength. \^e are assured that, in vessels on this j 
plan, the ancient Swndinavians undertook voyages to Zeeland | 
and o^er parts of hhuope distant from their own shores ; and { 
one cannot but wonder at the daring which enabled these hardy | 
adventurers to successfully navigate their apparently frail 
vessels across the stormy Northern Seas. Such frail barks 
oould not continue long in nse after the nianufaotare of tools, 
and the arts of working in wood became well known ; but they 
are probably the earliest examples of vessels constructed of 
various pieces, and having a flexible waterproof outer covering, 
stiffened and kept to its form by an internal framing. It may 
be that in their construction we find the origin of a term even 
now in use among ship-builders— the “ skin ** of a ship, by 
which is meant that portion which prevents the water from 
passing into the interior of the vessel.* 

Wo^ continued to be the material generally preferred for 
building floating stmotures, and the more civilised European 
nations ap,>ear to have considerably advanced in their know- 
ledge of the art of working in it, even at the time that the 

Scandinavians wore 
roaming far and 
wide in their co- 
racles. By what 
stages these early 
wowi ship-builders 
passed from the 
dug • ont to the 
more pr less finished 
galley cannot now 
be ascertained. 
Their progress must 
have been gradual 
and tentative; but 
from the very nature 
of the material in 
which they worked, 
and the form which 
they desired to give 
the vessels, they 
must have been led, 
before many at- 
tempts had been 
made, to adopt ar- 
rangements resem- 
bling in principle 
what we now term 
the skin” or shall, and the frames or ** ribs,” stiffening the skin 
and |)re8erTing its form. The galleys so built were gradually 
increased in size and strength, repeated trials and enlarged 
experience leading to vorioas changes and additions, the most 
notable of which was the oonstrnotion of a oomplete deck or 
platform, upon which the warriors stood. By tiiis means, what 
had been an open boat became changed into a covered vessel, 
and the ship-l^lder unconsciously adopted an arrangement 
which has since been recognised as one of the best that could 
possibly have been devised for securing structural strength as 
well as safety. 

It may be interesUng to give the dimensions of a Boman 
trireme, or galley with three banks of oars, as an example of 
what was regarded as a marvel of ship-building more than two 
thousand years ago. The length was about 110 feet, and the 
breadth 11 feet ; that is to say, the galley was less than one- 
six^ as long as the Chreat Ea$tem, and little more than one- 
eighth as broad. In fact, it was originally intended to put on 
board the Gfreat Eastern small steamboats, tbe size of which 
would probably have been greater than that of the Boman galley. 

The principles of oonstmeting wood ships having been esta- 
blished, were slowly developed as centuries pasi^ on; and 
various types of ships were mtroduoed, but with these changes 
we need not concern ourselves. Whatever the oddities of form 


* It may be interesting to etate that saudl oorades are ctin in use 

amongst tbs flshetnsn on ibs Conmij and other zivsis in Wales. 
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may have been— and th^were.mostsiikgBleyAi many nasmi the 
same general principle underlaid these oonstruotion)|.f The 
outer skin was formed of oomparibtively narrow planks, iMtened 
by bolts to strong internal frames or ** ribs.” The foundation 
of the structure was a keel, or longitudinal timbw projecting 
from the bottom at the centre-line of the ship; s^ at the 
extremities there were oontinuatiotta of ^ keel up to the top* 
height of the ship, that at the bow being termed the **stem,” 
and that at the stem the ” stern-post.’* There were also decks 
or platforms, the number and position of which varied with the 
size and type of the vessel. To use a well-worn fllnstzation, 
the keel and its continuations might be compared to tiie breast- 
bone, while the frames crossing the keel at right angd** xeaem- 
bled the ribs of a vertebrate animal, and the outer planking 
fastened to the frames oorreBponded to the flesh and skin. These 
are still the. distinctive features in tbe structural arrangements of 
wood ships, as will be explained more fully hereafter. 
details of tlieae arrangements have, of oourse, been considerably 
modified and improved, and a far better knowledge of the theory 
of eonstmotion has been attained since the time that the earUest 
vessels having frames, planking, and .d^oks were bnilt ; but for 
oentnries no radical change was made in the principle of oon- 
stmetion, and this foot is certainly noteworthy. 

With the introduction of iron as a materiad for ship-building 
there was begun a period of progress such ae had never before 
been dreamt of. Some ninety years ago no iron vessel, of 
which any record remains, had been built, and for nearly twenty 
years the use of iron was confined to canal bokts. Then came 
a change. An iron steamer was bnilt, and made a successful 
voyage across the Channel ; her snooeas led to the oonstrnotion 
of other iron sea-going ^hips ; and although great opposition 
was made to their employment for a considerable time, the 
merits of the new material were so well established by trial that 
at the present time wood ships are fallingTnto a secondary 
position in our mercantile marine, and the finest war-ships in 
tiie world are iron-built. 

It scarcely seems credible now that at the outset there should 
have been a general belief that iron ships oould never snooeed, 
because they were built of a material which was, bulk for bulk, 
so much heavier than water ; yet this was the case, and there 
are on record arguments to prove that ” iron may be made to 
swim.” Of oourse, such mistaken views were only entertained 
by those unfamiliar with the fundamental truth, tl^t any body 
which displaces a weight of water equal to its own weight and 
that of its contents will float, no matter how heavy its com- 
ponent parts may be. Many persons who did not oppose iron 
ships on this ground, did so on the ground that the thin plating 
might easily be penetrated, and that then there would be a 
'greater ohanoe of their foundering than would occur in a 
I wooden ship witfi her planking broken through. This objection 
i was met, however, by the practical proof that by proper 
arrangements in the interior an iron ship might be made safer 
from danger of foundering than a wood ship — a fact which is 
now generally admitted. 

These and many other objections to* the use of iron were 
swept away, as was said, when experience became enlarged ; and 
to Great Britain undoubtedly belongs the honour, not only of 
initiating this great change, involving a departure from the 
practice of time immemorial, but of having kept the lead in the 
improvement of iron ships up to the present time. And we 
have reaped the greatest benefit from the change, as was but 
right, l^e United States, with their vast resources in timber 
fitted for ship-building purposes, were fairly beai^ us out of 
the field early in this century, competing as we did under, simh 
great disadvantages ; but now, with abundant stores of coal 
and iron within onr shores, and having such a wonderfidly 
progressive iron manufacture, we are once more tbe sbip-fbuilders 
par excellence of the worid. 

Iron ship-building and steam navigation are indissolubly 
united in the history of the material progress of this oot&ntry. 
The first iron ship which ventured to sea Was a steamer ; the 
great majority — we might almost aay all — of the ocean steam- 
I ships now ai work are bnilt of iron. Etq;>id imd regular trinslt 


t Those of otnr readers who have the opporttmity, cannot do batter 
than inspeot tor themselves the very exteiiilve and intSMCtbig oeUec- 
tion of naval models at the Boyil KaviU Collese, Greenwloh, If they 
wish to gain an idea of the changes alltided ta 
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aorom the wem It noiw looked upon $m the mott oammon ooour- 
mtoe ; but tbeet IfceUl t i e a for iateroommaniofttion hare retnited 
fr(^ the tnot tbeit longer, finer, etronger, and more powetfni 
etemneie Imre been bnUt of Iron than oonld hare been bnilt of 
wood, 

l^eee getmral ooneiderationt mnet Skot, howerer, detain atten- 
tion longer t we will briefly glance at the more praotioal 
anbieot of the etrnotnral arrangementa of ordinal^ iron ahipe, 
and attempt to ahow in what they differ prinffipally from wood 
ehipe. As waa natnral, the buildera of the earlier iron ^pa 
oopied aa oloaely aa waa poaaible the detaila of oonstmotion 
whioh had prored anooesaf nl in wood ahipa. In aome oaaea they 
eren went ao fbr aa to imitate in hollow iron the aeotional forma 
of parts of wood ahipa whioh had been made of solid timber. 
Thm singularities soon fell out of use, howerer, and the system 
of building now generally adopted beo^e common. Hie great 
features this system may be summed up as follows : — A series 

of transrerae frames or ribs, formed of angle-iron and plates, 
lying across the keel; an outer skin, formed of thin plates, 
strongly riveted to each other and to the frames ; decks, or 
platforms, supported by iron beams, the ends of whioh are 
fastened to the ribs ; and various strengthening pieces running 
ttiroughout the length of the voesel. The superiority of a 
vessel so built over one built of wood is mainly due to the 
facts that iron plates and bars can be much more efficiently j 
secured to each other, where they meet or join, than can 
timbers and planks ; that the fastenings of an iron ship are 
formed of the same material as the parts they fasten, whereas 
there are metal fastenings in wood ships ; that the facilities 
with whioh iron can be welded, bent, and shaped, render 
it far easier to dispose of that material in the way most con- 
ducive to strength than is possible in a wood ship ; and that 
the union of all these qualities renders it possible to make a ship 
of given dimensionB lighter and stronger, if bnilt of iron, than 
she oonld be made if wood-built. This is a mere summary, but 
in future papers the points mentioned above will receive fur- 
ther consideration. 

The only serious drawback to the use of iron ships is one that 
was soon discovered, and has been the subject of consideration 
over since, but has not yet been overcome : we refer to the 
** foaling” of the bottoms. The oxidation, or rusting, of the 
iron bottom-plating has been very fairly prevented by coating it 
with protective sabetanoes ; bnt growth of marine plants and 
animals has not, as yet, been prevented, although very many 
attempts have been made and numerous patents taken out. 
Borne of the anti-fouling oompositions answer much better than 
others, but even with the best the period during whioh an 
iron ship will keep a comparatively clean bottom is seldom 
more than twelve months, and in many' oases less. This is, of 
course, a great source of expense, and when the bottom is foul 
the speed of the ship is decreased, sometimes to a vexy con- 
siderable extent on long voyages, or in tropical waters. The 
only remedy at present available is to place the vessel in a dock 
or other situation, where she is left high and dry, in order to 
oloan and freshly coat the bottom. If an^ one should be so 
fortunate as to discover a remedy for this evil, he will win a 
lasting fame, and remove the only weighty objection to iron 
ships. 

Soon after iron ships began to be used, another method of 
building was introduced, whioh was intended to combine the 
special advantages of iron and those of wood ehipe. This is 
Iroown as the ** composite system,” and may be simply described 
as a combination of the frames, decks, and interior strexqfthen- 
ings of an iron ship, with the outer skin, or planking, of a 
w^ ship.* The former gives greater strength to the struc- 
ture than would be g^ven by corresponding parts made of 
timber; and the external planking enables oopper or metal 
sheatifing to be used in order to keep the bottom free from 
fouling BCany merchant vessels have been thus constructed, 
and notably the famous China clippers engaged in the tea-trade, 
as weB as other ships trading to ffistant ports ; but the system 
has been chiefily ns^ in recent years, in the construction of 

A few ivon ships have heen built for the Boyal Hsvy, sad for 
4gn navlss, hsvlag their bottoms sheathed with wood plaakixkg , 
outi^ whkfii Mipper sheets are uailod, in order to pierent fouling. 
Attempts ham skSo been made to introdnee sine sheathing on iron 
fhi^ for tile iMne puipoes. 
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oruisers for the Boyal Kavy. fixperienoe has proved that 
unless very great care is taken In building oompowte ships, 
gatvanio a^ion will be set up between tiie iron framing, etc., 
and the oopper sheathing. Frier to 1875 the use of stttgl for 
ship-bnilding was exceptional ; since that time a oomparatitely 
large munb^ of steel ships has been built, and there is every 
probability pi a more general employment of the new materiaL 
Hereafter We shall describe the qualities of the steel suital^e 
for ship-building, and illustrate the advantages which it pos- 
sesses over iron. 

Four classes of ships will, therefore, require to be considered 
in our further treatment of this subject, ri%,, wood, iron, com- 
posite, and steel — this having been the order of their iotiroduo- 
tion into use. In each class, as we have teen, the three great 
heads under whioh the structural arrangements may be classi- 
fied are — (1) the framing or intemsl stiffening of the skin ; 
(2) the sldtt itaelf; and (3) the decks or platforms. This 
classifloation of the various parts of the hull hoiog common to 
all the blasseB of ships, may be conveniently adopted; and 
under each head our endeavour will be to explain the special 
arrangements of each class touching the methods commonly 
adopb^ in the construction of merchant ships, and those 
followed in ships of the Boyal Navy, including the iron- 
clads. In ail oases the treatment will be necessarily brief, 
bnt we trust not uninteresting. 


TECHNICAL DRAWING.— XLVIL 

DBAWING FOB STONEMASONS. 

BTONI 8TAIB8. 

Stone geometrical etaire have the outer end fixed in the wall, 
and one of the edges of every step support^ by the edge of 
the step beneath it, and constructed with joggled joints, so 
that they cannot descend in the inclined direction of the plane, 
nor yet in a vertical direction ; the sally of every joint forms 
an exterior obtuse angle in the lower part of the upper step 
called a “back rebate,” and that on the upp^ part of the 
lower step, of course an interior one; and the joint formed of 
these sallies is called a “ joggle,” whioh may be level from the 
face of the risers to about one inch from the joint. Thus is the 
plane of the tread of each step continued one inch within the 
surface of each riser, and the lower part of the joint is a narrow 
surface perpendicular to the inclined direction or soffit of the 
stair at the end next to the newel. 

The stone platforms of geometrical stairs — vis., the landings, 
half paces, and quarter paces — are oonatruoted of one, two, or 
several stones, as they con be procured. When the platform 
consists of two or more stones, the first platform stone is laid 
on the last step whioh is set, and one end is ” tailed in ” and 
wedgred into the wall. The next platform stone is joggled or 
rebated into the one set, and the end also fixed into the wa^ 
and thus with every stone in snooeBsion until the platform is 
completed. 

If there is occasion for another flight of steps, the last stone 
of the platform becomes the spring stone for the next step, 
I and the joint is to be joggled as well as those of the succeeding 
I steps, in the same manner as in the first flight. 

Geometrical stairs executed in stone depend, says Mr. 
Nicholson, on the following principle — vis., that “ every body 
must at least be support^ on three points placed out of a 
straight line, and, consequently,* if two edges of one body, in 
different directions, be secured to another, the two bodies will 
be immovable in respect to each other.” 

This last is the cose in a geometrical stair ; one end of a step 
is always tailed into the wall, and one edge either ^ts upon 
the ground itself or on the edge of the preceding step; tiie 
stones of a platform are generally of the same thickness as 
those forming the steps. 

WIKPINO gTAIBS. 

The ffelix. — The line of a staircase whioh winds round a well, 
or whioh is supported by a central newel, is ealled a haWc ; and 
as inform^on as to ths^construction of this curve has been 
given in “Projection,” it will be onr object now to show the 
appHoation of such lessons. 

It will be remembered that if a piece of paper of the form of 
a right-angled triax^gle be rolled round a cylinder, the hyp^ 
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thenuBo, or loi^ tideofthe ttbagUt geneilate aborre winding 
round the <^Uiider Kke a corktorew. Thie ounre ia oalled the 
helix. Let us now eee how £ar the instmotion referred to 
Implies in the delineatioa of a winding stairoaee. 

If we stand on the ground and look up from the well of auoh 
a stairoaee, we shall see that the underneath porticin of it forme 



A winding etairoaee, then, is formed by a eolid contained 
between two helical snxfaoes and two oonoentrio oylindersH-yiz., 
the wall and that in which the emaller ends of the ataire are 
situated. Bmsk a solid is shown in Fig. 427. 

Let ▲ 0 1 * (^. 428) be the plan of the well, and x x o the 
plan of the cylindrical ep^ between the inner ends of the steps ; 
the width x o representing that of solid in which the steps 
are contained, their common axis being Tertioal. 

The p^ having been divided into twelve equal parts (not 
. Asemorilp twehje), divide the height of one oomidete reto- 
li^on into a correspondiiig aumber-^l', 2', fK, etc. Petpen- 
dkulars drawn from 2, 0 in the plan, intersecting hoiisontals 
dabwn from 1', 2', S', will give the lower curve A* 8* 12^, which 
it will be seen is hidden by the ihiokneas of the solid whmi it 
Itas passed iy\ but emerges again at O'. 

For oonvezasnoe in the present drawing^ the thielmeis of the 


solid representing the heis^ of the tread has been taken to be 
the same as the spaces into which the blight of ohe revolni^cm 
had been divided. That, the second cUrVe, instead d bcipimEiinir 
at ▲, starts from point and throughout the points are token 
at one number higher thim the previous one ; thus the peirpen* 
dioalar from 1 in the plan interseote the horUtontal drawn liom 
2^, and so on. The inner pair of heHxes surroundhtg the ^1 
are projected in precisely a similar manner fOom ^e e&cle xxo. 

In this lesson is given a portion of the plan of a well stair* 
case, and it is hoped that, after the instruo^n conveyed by ^e 
preoedUng lessons, the student will be able to draw ^ whole 
, plan, and project the etairoiun frOm it. 



Draw the circle A B o (Fig. 429) (the inner wall erf the well), 
D B V (the oiroumferenoe of the cylinder on which the inner 
ends d the steps will be sftnated), and an additional circle 
(o H x) in the idddle d the length d the steps, on which set 
off the points a, 6, e, d, s, /, g, A, the reel width of the steps 
at their middle), this width being measured from riae to vise. 

Through these points draw lines (shown in dots in tiie illus- 
tration) to the centre o. 

Patidlel to these lines, draw the lines tt', o', d', s', ft k", 
at a distance equal to the width which a moulding would project 
beyond the rise d the steps, and draw also the cirdle p b t, in 
wMoh will be sitnated the visible ends of tbe stairC, 

It is now adviiubble to leave the plan for a thne In order to 
draw the tme fond of the ends of th4 s^s shown In W* 
When these have been completed the vdihhs are to baUpt off bn 
the circle X s, as shown from e* to v\ the 0gnre b* v* U beirg 
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tlui pka of ooi^lote lOook. If theoe widisbi ore given in 
the phua^ the oeetiicmel elevetion may he pto|eete4 hy aetting 
df ^ n hecliontail line, the h^ghhi biiiig marked on e 
perpendienhur ) the interaeo^n of will then give the 
reqe^ed lofi!na» «« ahewn in Fig. 430, o^V being the form of the 
templet. 

1%. 431 li the dei^c^mtent of the inner end* of the atepa, 
and to «, a g xa the templet, which ia to be obtainad in precisely 
ihe aame manner. 

The revival of Gothio arohiteetnre ia i^a oonntry haa within 
the laat few yeara progreaaed so rapidly that a knowledge of ite 
prinoiplei has become important to the atonemaeon, and the 
whole anbjeot of ** Gothic atonework ** will thc^efOTe now be 
treated of ia a eeparate ootuie of theae leasona. 


GREAT MANUFACTURES OF LITTLE 
TH1NGS.-~II. 

BT CKABLBB BIBBS. 

BUTTONa 

Btrrroira are very email matters, and it might appear that they 
were very simple alio, but the fa^ is that tiiere is soaroely any- 
thing elm which has so taxed the ingenuity of man to pz^uoe. 
They have been made of every conceivable substance which 
could be teased into the eemblance of a button by any means 
known to mechanics. The three kingdoms (those of Nature, not 
of Cheat Britain) have been ransacked for materials. From the 
animal kingdom have been obtained ivory, bone, horn, hoof, 
pearl-shell, leather, cloth, and silk. The vegetable kingdom 
has given wood, caoutchouc, linen and cotton fabrics, papier- 
mdoh^, and that beautiful substance known as vegetable ivoiy. 
The mineral kingdom has yielded, besides the metals (of which 
all those known to commerce are used in button-making), glass, 
porcelain, and a certain mineral earth, of which some buttons 
have been lately made. These three classes of substances would 
seem to suggest a convenient division of our subject, but the 
button trade, insatiate for new patterns, combines very fre- 
quently two or more substances in one button, so as to gain 
exhaustless variety by their transposition. A better classifi- 
cation for our purpose will be one based upon the different 
methods of manufacture. Thus, one class or family of buttons 
ia produced by stamp and press work, processes somewhat akin 
to those described in our article on st^ pens ; this will inolnde 
hll metal and covered buttons. Another class consists of those 
which are turned by cutting-tools in a lathe, such as mother- 
of-pearl, ivory, etc. The third class will comprise those which 
axu. moulded into form by pressure, as horn, porcelain, etc. It 
will be seen at once that theae three seta of processes differ so 
widely as to constitute almost three distinct trades; indeed, 
within the button trade there are distinctions far greater than 
often exist between one trade and another, and there is no one 
singly manufacturer who makes all kinds of buttons. 

dnie metal button trade haa the first claim on our attention, 
as it is certainly the moat ancient, and perhaps even yet the most 
important, on account of the great number uaed for all kinds 
of uniforms. The buttons that our forefathers wore (for orna- 
ment, not for use) were principally of metal. Jos. Strutt says ; 
**ln the paintings of the fourteenth and succeeding centuries, 
these ornaments fluently appear on the garments of both 
sexes, but in a variety of instances they are drawn without the 
button-holes, and plai^ in such mtnations as preclude t^ idea 
of their us^ulneaB: Generally speaking, they were made of 
gold or silver, or are so depicted, with vary few exceptions.’* 
The old Bnfflish gentleman tied, up his doublet and trunk hose 
with imrammnble points,' or little strings ; a somewhat tedious 
process, but then tirn people of those days had plenty of time 
on thrir hands. In the metal button of our day, this old idea 
of ornament seems to linger yet, and from the nnfform of a lord- 
lieutenant (said to be the moat gorgeous left to ua in these dege- 
BSTBite days) to the liveries of servants of persona of wealth and 
rank, tiie buttons are not only showy in themsel^s, but are sewn 
on ** in stmh ritnaMona as preclude the idea of their naefulneas.” 

The eixhetantiai metal badge of olden times haa its nearest 
antitype in the modern livery button. Theae are known in the 
trade as solid nmtal l^uttons, being formed, witii the exoeptkm 
of the shank, of on# piem The first prooeas is to 

out oiit of sheet metal (brass, with a more or leas proportion of 
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wppWt aoeordhig as it is required Idr gBding or aUtering) the 
discs or blanks. It ia performed hi prerieely the same way as 
the prooeea, formerly described, of otoiting out steel pens, frith . 
this exeeptitm, that the metal, being much etouter, requires a 
more powerful presa. Some large firms use a self-feeding, eeff- 
aoting machine for this purpoSb, which cuts out a whole row of 
blanks, all aOrOsa the strip of metal, at one blow, and divers 
its blows with tiie rapidity of lightning, cutting out as many 
aa 2,000 groea in a day ; but these machines are only found to 
be economical where very large quantities of one pattern are 
required at one time, on account of the time taken in setting 
the tools. The discs are then annealed, and a little indentation 
ia made on one side by moans of a press, just to receive the end 
of the shank. They are then *‘d^edup,’* i.s., beaten into a 
convex form, by a single blow from a stamp on tiie under aide. 
The shanking follows, an operation requiring no Snooneideralde 
amount of skill. It is performed by women, as axe aB the 
delicate prooesaes in the button trade. The operator dips the 
end of the shank into a pan of wot solder, sticks it in the recess, 
and fixes it there with a little iron cramp, all in the duration of 
a wink ; and the little trays on whidi she plaM them neatly 
in rows for the furnace got full with marvellous rapidity. 
Exposed to heat until the solder runs, they are then allowed to 
cool, and on the cramps being knocked ^ not one shank in a 
thousand will be found to be in the slightest degree ont of tim 
upright, while the adhesion is so perfect as to make the button 
practically all one piece. They have tiien to be cleaned by 
a method peculiar to copper and brass articles, vis., that ot 
“dipping,” which must be described with some minuteness. 
The Uquid in which they are dipped is a more or less strong 
solution of aquafortis, mingled with some other ingredients, 
such as crude tartar, etc., apoording to the different reoeipts in 
use at various factories. !]^e articles are at first immixa^ for 
some time in a weak bath of this acid, or “ pickle,” as it is 
termed, which takes off the “ scale ” left by the annealing, and 
effeotu^y removes all impurities. After this they are ^pped 
quickly, by means of a peribrated earthenware vessel holding a 
small quantity at a time, into a very strong solution, several 
times, one vessel after another, the dipper Well shaking them 
up each time, and finally rinsing them thoroughly with oold 
water. This treatment renders them perfectly bright and clean. 
The acid is a very destructive fluid to deal with, and the 
workpeople have to be protected with thick pinflifores and 
aprons of green baise, to save their clothes from being burnt in 
holes. It has to be performed in the open air, or at least in aa 
extremely well ventilated shed, to allow for the eBoai)e of the 
noxious fumes of the acid; and when the atmosphere is lowering, 
thick yellow clouds of stifling vapour hang abont, very distress- 
ing to the respiratory organs. It is disputed whether the 
occupation is actually hurtful to life ; there are instances of 
dippers having reached a respectable old age, but no person 
whose lungs were in the slightest degree affected could 
practise it. 

The buttons have now to be plated. The best buttons, as 
the old hands in the trade fon^y say, were those plated by the 
old mercurial process, which ensured a tolerable thickness eff the 
precious metal being laid on ; but that is now entirely super- 
seded by the more delicate, if more deceptive, method of eleotre 
deposition. Even now, the plating must not be too niggardly, 
or it would not stand certain rough usage yet to be described, 
but unscrupulous makers would be sure to find ont the extremest 
limit of tenuity to which it would be sale to go. It is said that 
the prosperity of this trade has run in eycleB. At intervals of 
half a century or so, the makers, acting upon a strong inslinct 
of self-preservation, have agreed witk each other to put gold 
enough on their buttons to last for a decent length of time ; but 
after a short interval of spaemodio honesty, the greed of some 
would prompt them to stint the allowance, and from th^oe 
would come underselling and universal depredation, ending by 
loss of trade from custimers* disgust at finding that the artida' 
began to look brassy after the s^htest wear. 

After tits plating, the step is the burnishing. This is a 
very beantifnl and coriooe ptoeess to look at, the change pro* 
dno^ in the appeases of the button being perfectly magicel 
The bnmieher works with an ordinary footilatiie, the drMng* 
wheel being perhaps six feet in droumferenee, while the pn|}^, 
which it d^ee by maane of a gut, ia lesa than one' inch ; thus 
generating an enormous speed. The button is stuck lightly on 
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the end of % *‘ohnok,” or peg ot box<wood, xerolv^ in the 
lathe; the workman pressee a tool against it, beginning at the 
eentre, and gradually dixeo<^ng it to the aide, and in an instant 
the metel anrtaoe seems to mantle over with a smile oi ihia 
most e^gent brightness* The bomishing tool is a pieoe of 
a peooUar stone foond in Derbyshire, set in a handle of wood ; 
it is oi a greeniah oolonr, and is the best substanoe yet dis- 
oovmred lor imparting a pofeotly smooth snrfaoe. Its qoalities 
are very variable, and oan only be asoertained by trial ; oonse- 
qnently, although the original cost of the stone may be trifling, 
a pieoe no bigger than a ^nt, whioh has been proved to he 
good, may be worth three or fonr pounds. 

Up to this point the button has no pattern or device upon it 
whatever, being only a plain diso of metal, very rich in oolonr 
and brightness. It wotdd seem that to touch it would be to 
^ tarnish it, bat it bas yet to receive under a stamp a single heavy 
blow that shall give it form and feature. The dies which are to 
give the impress are beautiful speoimena of workmanship. The 
upper die — that whioh is fixed in the stamp>head, and whioh is 
to descend with crushing force upon the innocent button — ^is 
out into the invert^ semblance of the face it is te wear for the 
future — ^the urSst, the motto, if any, and the ornamental rim. 
Its own face is polished to the utmost point of brillianoy, and it 
is known as a bright *’ die. The lower die, whioh is placed 
with the utmost nicety in the stamp-bed, imme^tely under the 
descending force, is out correspondingly, to give the impress to 
the under side of the button, usnally consisting merely of a 
drcnlar inscription oontaining the meet’s, or more frequently 
the tailor*s, name and address. This die is split, or made in 
two halves, opening right across the centre of the button. At 
the upper edge of both walls of the parted die a small reoess, 
the exact shape of the shank, is out, so that when the two 
halves are put together, with the shank between them, they 
hold the button tightly in its place. The stamper puts his foot 
into the stirrap of the rope, jerks the stamp-head up and down 
a time or two to give it ** swing,” and having got it Mgh enough 
for his purpose, lets it fall with its dead weight on bright 
and vacant diso. It is thenceforth meaningless no longer. On 
the stamp being lifted, the device will be found to be raised 
from the surface of the button in clean and bold relief, its 
brightness still unsullied in every part, and the plating, if it has 
not been too finely attenuated, uninjured in the slightest degree. 
The under side will have also received an equally clear im- 
pression of the letters, together with (an unavoidable defect) 
that of the line of junction of the two half-dies, whioh makes a 
very’ fine seam across it. Of course it need not be observed 
that the greatest care has to be exercised in the making and 
preservation of these dies, since the slightest fiaw in the steel 
itself, the slightest mat upon the polished face, the slightest 
suspioion of a speck of dirt, would be irretrievably printed on 
the now valuable button. The marvel to the uninil^ted, who 
are not aware of the extreme ductility of the metal under 
manipulation, is that it should be capable of being forced 
readily to re-^stributo its parts, becoming thinner in some parm 
and ijiioker in others, with all the facility of sealing-wax, not 
giving the s%htest sign of fracture from the violence which 
has been offered to it. The degree to which it will bear this 
depends largely on the original quality of the metal, no less than 
upon the care with which it has been annealed. 

The button is now finished, with the exception of having its 
edges dressed carefully in a lathe. The processes here described 
are for the production of a bright buttem ; but if i^e surface is 
to be ** dead,” or frosted, the order of some of them will be 
reversed. The buttons will be stamped in the rough, imme- 
diately after leaving the pickling troughs; they will then be 
gilt i and the buruishing, which be &e last process, will only 
tou(^ the prominences of the impression, whioh will bo out with 
a special view to being so xeliev^ 

If we have carefnlly followed the various operations in the 
production of a livery button, it will enable us to understand 
much that comes aiter in the manipulation of other desoriptkms 
of metal buttons. Those which adorn the garments of <mr 
public guardians, oivil and military, and whi^ look so solid 
and massive, are in reality only shells. They are out out of 
thinner metal than the solid buttons, and the two dieos, which, 
when brought together with their concaves Ihoe to face, hove to 
be joined to form one button, are treated separately. The 
upper disc is out larger than the sise of the button when 


finished, to allow ofi^ its edges being tamed down ao as to 
overlap and clip the under one, whioh is cat out samewhet iess. 
Both halves are domed, aa before described, but the upper half 
has its edges bent down aharpljr, and prolonged by tixe same 
pinch of ihe press, so as to form a veiy short oyHndsr with a 
rounded top. Each half reoeives its particaiar impress irith a 
press or st^p, and tue lower half is fiiwted with a shank, which 
lor military purposes is thus mades>--TVo holes sre punriied 
in the centre of the diso ; shank, which is simply' U pieoe of 
wire bent in the form of a staple, is Inserted by its ends, 
and fits loosely in the holes ; a girl seiaes the shank with a pshr 
of stout, blunt«nosed pliers, b^een whose jaws an inoii^n 
is made corresponding to the length of shank that is intmided 
to remain outside the button ; she then holds the whole under a 
press, and a broad, wedge-shaped punch coming down, toms 
over the two ends, and olenohes the shank inside the hollow 
diso. When the button is finished, the shank oan be pushed 
right into its body, until the bend lies snugly in a Httle hollow 
formed to receive it; the advantage of such an arra^ment 
being, that in packing nniforms (whioh is done sometimea by 
hydraulic pressure) for distant stations, the shanks do not out 
the cloth. An inflexible shank is made of the more graceful 
circular shape, and is riveted inside the bottom diso. 

When the two halves are finished and brought together, a 
tingle pinch of a press is sufficient to turn the edg^M of the 
upper half neatly over, and make it hold the inferior portion 
with an embrace that cannot be relaxed. The accommodating 
metal contracts itself under pressure without the slightekb 
difficulty, and the two parts of the button are thereafter one. 
The final prooessos depend upon the quality of the article. 
Some are simply lacquered, bring only for the rank and file; 
others will be magnificently gilt and burnished. 

To give some idea of the extensive plant required to carry on 
this branch of the button trade, it will bo soffioient to state that 
for the army and militia alone more than 8,000 pairs of dies 
would be required. If to these wo odd what would be neces- 
sary for the volunteers, the navy, the coast-guard, the police, 
the convict prisoners, etc. etc., we shall be abb to conceive 
that a manufaoturer who is in the habit of oontraoting largely 
for such orders must have a perfect museum of dies, represent- 
ing many thousands of pounds. 

The inferior branches of the metal button trade bomprise 
chiefly trouser buttons. Some of them are shell buttons, with 
various fanriful differences of oonstruotion, but the staple is 
perhaps the old-fashioned four-hole button, made in one piece. 
They are made of copper, brass, iron, zino, or tin, and of many 
qualities. The outting-out machine briore described oan be so 
modifled as to cut out the blanks and pierce the four holes at 
one operation ; after which there is little more to do. The holes 
are rymered — i.e,, the edges rounded down, so as not to cut the 
thre^ — by a little girl at a press, who squeezes one hole at a 
time between two conical punches, counter-sinking them by 
pressure. A single blow from a stamp brings the plain pieoe of 
metal up to a finished button, taUor’s name and all* 

We have now to speak of the most important revolution the 
trade has ever yet known, and whioh has ImI to the most perfect 
of its many ingenious devices. T^ was the introduction of 
the covered button, one of the earliest patents for which 
was taken out in 1825. Probably long before that time onr 
grand! atlmrs had conceived the idea of covering the metal button 
with cloth, to save the trouble of eterhally furbishing it up with 
the riaborate set of apparatus whioh was then a necessary 
adjun^ to every toilet^; but as the covering would be done 
with n needle and thread, it would be bat a clumsy makeridft 
compared to the neat and well-ahaped Florentine button, with 
flexible shank, whioh, as soon as it appeared in the market, 
rapidly rose into favour, and carried ail before it. The first 
covered buttons were made with the customary wire shank, but 
this speedily gave place to the little p^otrod:^ tuft of canvas 
whioh would take the needle in all direotknuf, and lie down close 
to the cloth. As we are not writing a hist^ of the trade, it 
would be superfluous to dwril on ^ many modifications and 
improvements whirii this favourite button has undarifone ; our 
task, which is a far harder one, is to endearour to dmmtibe, in 
intelligible language, the isgeuioas and compHuated ptocssses of 
its manufacture. 

By way ef upproaiffiing liie Aifficirijy by eaey degfr^ tat us 
take first for iUnstration the weU4mown simple linen button 
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luiadfor imdev^ebtlsda^t ^ 1£ the xeftdev will ezfuniae osMp he 

will wM thikt it eoiuiiete of two {ueoee of. linen etretohed on a 
xixg) the edge# taokiid in and faetened in a way he cannot die- 
ooreqr. Onr gsandiUK^hesa* enbetitnte for thie waa a ring with 
thMdi wolfed over it, and gathered in the centre. The new 
bntton ie tniieh neatevi much more durable, and hi every way 
an implement, but the original idea of the ring has been 
retain^ Now let me see, in the dret place, how thie ring 
ie made. It is not made of wire} if it were, there conld be no 
eboh hermetical faetening of the linen covering, ae we shall 
see. It is a tobe } and it is made precisely in the same way as 
rings ere made--^., first, a disc of thin metal is cat ont, a 
HtUe larger than the intended button ; then a oironlar piece is' 
out ont ^ ihe middle of it, leaving it of an annular form } then 
it ie pot under a press, and a pair of toola doable up the rim 
into ^ shape of a gutt^ all round ; another pair of tools bring 
the two edj^ of the gutter nearer together, bending them 
down gracefully, and preserving the tubul^ onrve ; a third pair 
completes this juncture, and forms a ring of perfectly round 
tube, with a seam that cannot be detected by the naked eye. 
Now it is evident that if we can get our piece of cloth stretched 
over the book of this ring, bringing over the edges and neatly 
tucking them into the joint just before its final pinching up, and 
if we can manage to enclose them in the death-grip of the 
metal ai its last process, we shall have a covered button that 
no fair play oen undo. This is exactly what is done, bnt, in 
addition, a smaller piece of cloth is stretched over the face, 
and fastehed into the same joint, thus completely clothing the 
button, and oonoealing its anatomy. 

.How the different parts are brought together, placed in 
position, and held there while the aiMmportant juncture is 
effected which makes the whole thereafter indissolubly a button, 
con scarcely be seen by a spectator watching the process, much 
loss understood from a written description. Yon look down the 
vista of a long work-room, and see a row of little girls sitting 
together at a work-table as closely as if they were at school, 
eB^.pair of little hands nimbly placing the rings and bits of 
cloth into little steel traps, and handing them across the table 
to a senior girl seated opposite, who first performs some feat of 
legerdemain which sets the interior mechanism of the trap to 
work, presumably in pushing everything into its place, and then 
holds trap and contents together for an instant under a press, 
^ves a little puU, and the thing is done. Each i>air of workers 
is making buttons as fast as you can count ; the empty and the 
charged traps are passed across the table with noiseless activity; 
and a series of heaps of beantifnlly-flniahed buttons, without a 
wrinkle in a million of them, are oocnmulating silently in the 
little drawers under the bench, through holes in which they 
fall as th^ are mode. All is beantifally clean, and the faces 
of the children are rosy and heall^y, and they look happy 
withal. *' Half-timers everyone of them,” said the courteous 
gentleman who was doing the honours of the establishment to 
the writer of this paper, ** their duplicates are at school. By- 
and-by yon will see some of them*oome in with their satchels, 
for many prefer to bring their dinners here, rather than oat 
them at home.” ”Have yon found much inconvenience from 
the working of the Factory AotP” we asked. “None what- 
ever,” was the reply. ” At first wo had some little difficulty, 
and, as we pay the children's schooling onrselves, it h^ 
involved a triffing expense, bnt we get a bettor olass of girls 
through it. Eaoh one of these oldldren will pass to the other 
side eff the table as she gets old euongh, and we find that those 
who have gone through the regular course of schooling^( which 
we insist on, as far as we are able) are mnoh better hands than 
those we nsM to take indisoriminatoly.” In other parts of the 
establishment the fine Hnen doth is being ont up into discs with 
the press, in the same manner as the metal blanks are made. 

large firm in Birmingham ont up in one year no lera 
than 63,000 yards of linen doth and 34 tons of metal for this 
article done. The linen is of the finest quality, and has to be 
specially mannfkctnred for the purpose. 

reader will now, it is hope^ be able to understand the 
theory of the making of all kinds of covered buttons. Their 
name is legion, . and many ingedons variations of detail occur in 
them namufiaeteei but tl^e principle is in all oases the same, 
advantage bdi^ taken of the ductility of the metal to make it 
clasp the woven nmteri^ In a tight embrace. The oovering of 
the common Florent^e button & not stretched over a ring, but 


over a plate, with its edgee turned overs a second smaller plate, 
with a hole in its centre, is placed against it, endceiiig between 
them a canvas disc, of which a bu^, with a little ^^ding in 
it^ has been pushed through the hi^ A eqneese of tbs aU- 
powerful press brings the dotiied edges of the snpeilor plate 
over all, s^ effects a junction which esn never be tom aminder. 

We must leave for a subsequent piqper descriptions of the 
interesting processes employed in the production of some widely 
diflhring members of the large button family. 


WEAPONS OP WAR— Xlli 

BT AB OrrZCBB or TKB BOTAL ABTIXABBT. 

ABTILLBBY CABBIAGBS. 

OABBIAOXS BOB OABBISON ABTZLLBBT. 

This class of ordnance, as its name implies, is intended for the 
armament of permanent forts and batteries, which, being usually 
oonatrncted long before the approach of an enemy, are furnished 
at the will of the ooonpier with guns of the heaviest and most 
destructive nature. 

Prior to the introduction of armour-plating in ships snd 
forts, the heaviest garrison-gnn was the 68-ponnder, of 112 owt. 
Now we have rifled guns of seven, nine, twelve, and tweniy- 
flve tons commonly supplied for this service ; and so far as the 
working of the gnn is oonoerned, there is no reason for limiting 
its weight to 50 or even 100 terns. It will be at once obvious 
that the fixed positions to be occupied by these guns, and their 
increased weight, impose great modifications in the make of 
their carriages, as compared with those for the field artillery. 
Thus the third condition stipulated with respect to these 
latter (vide Article X.) is that the carnage shall be adapted for 
rapid movement, a condition quite inapplicable to garrison 
service. So, also, portions of the first and foutth conditions, 
relating to travelling and to the conveyance of the gnn-detach- 
ments. The sixth, too, as to convenient stowage on board ship, 
becomes a point of third-rate importance, it being presumed 
that the arming of our forti’esses across the sea admits of being 
carried ou gradually, and not during a war pressure. On the 
oth^r hand, the extreme accuracy of artillery fire from rifled 
guns imposes a fresh condition on the carriages for our garrison 
artillery, which, being etationary, naturally present a tempting 
object for an enemy’s fire if greatly exposed to view. 

The ohief conditions to be fulfilled in a garrison-gun oarxiage 
may be thus stated : — 

1. That it shall furnish a convenient and secure support to 
the gun, both when in and out of action. 

2. That it shall be of a form easily under control, and adapted 
for giving accurate direction to the gun uben in action. 

8. That its coustruotipn shall be such as to admit cf the 
least possible exposure to the enemy either of gun, carriage, or 
men working them. 

Taking the first of these conditions, the trunnions, which are 
common to all guns, field, garrison, and naval, allow of the same 
general arrangements for garrison carriages as for those of the 
field artillery. Semi-circular Ivunnion-bolea sustain the gun, 
which c an revolve freely in a vertical plane for purposes of 
elevation and depression. They subtoin the greater part of the 
shook when the gxm is fired ; consequently the ” cheeks ” oi 
** brackets,” into the upper surfaces of whic^ they are out, must 
be very strong. In the old smooth-bore carriages (Figs. 1, 2) 
these brackets, A A, are of oak. They are rigidly held apart at 
a distance suitable to reoeive the gun between them, and are 
connected by a stout oaken block, b, called a *' transom,” which 
is inserted, or “housed,” into the inside surface of each biaoket, 
and is bolted securely to them. The brackets are further secured 
in a similar manner by front and rear axlotrees, or by a front 
axle-tree, c, and a rear “ block,” B, all of which are made of t ak. 

I All natures of smooth-boro guns have consideiable pre- 
pondoranoB, their centre of gravity being well behind their 
trunnions ; hence a third point of support must be found for 
the gun towards its breeoli. This is supplied in the simplest 
cHmstruotions by a “ quoin^” B, which is a Wedge-shaped piece 
of wood placed immediately under the breeoh, and resting 
on a block, B, called a “ stool-bed,” the ftmt part of whkfii i« 
hinged to a horiiohtal boH, the hind part being supported by 
the head of an elevating-screw, o, whitfii is held ahd works up 
and down in the rear block. Thus the gun is seouxely sup* 
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tliembo^f toimiKid* the Iront of the work. F, theii» the gon ie 
Ased in « direotkm either to the right or left of thie front, one 
of itft tmitfiione wiid be thrown above the others end if at 
long rengee and high elevatione, the error adinitted beoomea 
importanlb For example, let ue enppose a nominal elevation of 
7^ given a 88«poiind^ emooth-bore gun directed at some 
olgeot 8,500 yarde away, the line vi eight making an angle of 
8i^ a khe perpendicalar to the front of the embraeoxe, the 
elope of the ground, platform being $ then the real error 
ad^tted will be found to amount to about forty feet, that 
b^ng the dLetenoe which the shot would fall either to the right 
or tioie left of the object. So aeriooe an error cannot be die^ 
garded; conaeq^ently, where breadth and length of range 
uombined are required, gome more perfect arrangement mnat be 
resorted to. In providing dank defence for ditches and faces of 
works within short range, this carriage is very suitable ; also 


over a high parapet, no better poaitioa of pivot oonld be ohoaen 
than the oentre of tiiie platform. These platforms for the 
lighter o lassea of guns are strongly badt (d timber) but for 
guns of seven tons and upwards, aU platforms are of wrought 
iron (see Figs. 4, 6). Every platform stands on four low iron 
wheels, or trucks,” Aa, so formed and attached to it os to xoU 
on horisoutil iron bare curved in the form of arcs of circles, the 
pivot forming their proper centre. These bars or ♦^racers,” a« 
well as the pivot, are firmly bedded in masonry. At tfie gun- 
platform revolves upon thm horisontal racers, the trunnions 
are kept also horizontal, whatever the direction given to the 
g^. Thus the error pointed out as oooorring in certain oases 
I with the sloping ground-platform and common 
is at once removed. It has just been said that sometimes the 
pivot is in the embrasure, and beneath the £»nt port of the 
gnn when in the firing position, as in Fig, 2, however. 



Fig. 6. 


for long ranges, where the line of fire is confined almost to it is imagiiMMry, not real, which it would be if situated any- 
the direct front. It is not intmided to carry the heavier where else. 

natures of garrison-giins ; iu fact, the 64-poander rifled gun A real pivot would be inadmisaible in this exceptional position ; 
and the 82-pounder and 8-inoh smooth-bores are as large as as no rigid oonneotion between it and the platform could be 
can be efficiently worked on these carriages. For guns of secured without greatly weakening flio face of the work. It 
heavier metal, greater faoilitieB in the processes of miming up is, of course, advantageous to use real pivots when practicable, 
and of alterkg direction must be obtained, and a special In using the imaginary, or “ A ” pivot, as it is called, the tracks 
mechanism is designed for oommunicatiag horisontal angular are kept on the racers solely by flanges s imil a r to those with 
motion. The sloidng platform oi) which ‘^e carriage recoOs is which the whe^ of railway caniagee are made. Whenmaterisl 
itself made to revolve on a horisontal plane, round a pivot pivots are’used, they •»© »» important auxiliaxy to the flanges 
sitaaked either in or behind the parapet. This pivot may be in securing the platform on its racers. The plane of revolution 
either in front, behhid, or in tiie very oentre of the platform, being korizontal, the platfwm is favourab^ plaoCd for move- 
acoording to width of range requim of the gun and arohi- ment with tiie object of giving lateral direction to the gun. By 
tectural oontfdersiiions. For instance, if tiie gun is to occupy the aid of tackle hooked to the platform at one end, snd at the 
a casemate, and to Ifre from an embrasure, that position ^ other to an iron loop suitably plaoed in tiie maaonry^ suAment 
pivot whkb wffl give grsaMt kotfaontad range wUI be hi power is obtained for traversing the heaviest guns ; but with 
the embraauee, and under &s front pint of the gun, when the them tiie operation is alow, and it haa been deemed expedient 
latter ia run out to ifre firing pdidtiaiL If, on the other hand, to correct thia want of speed by substituting a tootiied-wheel 
the gun is intended to cover a wide extent id ground, firing system of « traversing gear,” attached totiie platforms, in 
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of the original taokle. The principle upon which it commnni- 
oates motion to platform is by oaunmg the truoke to revolve, 
the power being applied at one or two winoh-handlee working 
in the rear of &e platforin, and being inoreaaed to the extent 
which experienoe 1^ proved to be in^ efficient, by a eyetem 
of piniooa and wheels interposed between the winoh-handlee and 
the tracks* The horisontal direction is thus given to the gon 
rapidly, and withoat the admisaioa of any error enoh as we 
have seen to obtain, under certain oonditionB, with a common 
atanding-oarriage working on a ground-platform. With leapeot 
to vartioal direotioxi, the neoemry motion ia imparted to the 
heaviest natuim of gona by simple meohaniam which, aa with 
the lighter deabriptiona of ordnance, is attached to the carriage. 
A toothed aro of iron, B (Fig. 4), is connected with the gon on 
each aide by a pin, o, about which the arc ia free to revolve. 
These arcs are geared into piniona attached one to each bracket 
of the carriage. The pinion ia rigidly connected with a short 
shaft or spindle, which x>aa8e8 through the bracket from its 
inner to its outer surface. Here it U fastened to an iron disc 
oalled a capstan-head, d, round the periphery of whioh a 
number of holes are drilled, for the purpose of receiving ono end 
of an iron-pointed lever, at the other end of whioh the power is 
applied, oauaing tho capstan-head, and consequently the pinion, 
to revolve, thus moving tho aro up or down, and with it tho 
breech of the gun, whioh, revolving about its trunnions, attains 
ibe required elevation or depression, and is hold in position by 
means of a sorew jamming-lover, x, which clamps the capstan- 
bead against the bracket. The motion thus g^iven is sufficiently 
powerful and rapid, but is soarooly so delicate oa might be 
desired for the highest oeouraoy in laying. The clamping 
arrangement, too, has at times been found Ineffeotive. On this 
account tho following modification has been tried, and has been 
found to remove both defects. A worm wheel is substituted 
for the capstan-head ; into this an iron worm, attached to the 
outside of the bracket, is geared. The shaft on whioh the worm 
is fixed is famished with a hand-wheel so placed as just to 
dear the top of the rear portion of the bracket. No special 
olamping arrangement ia needed. 

It ia neoeaaoiy to control tho reooil of the gun and its oarriage, 
•o that they shall be stopped before reaching the end of the 
platform ; for if the carriage came violently into oontaot with the 
stops, F F, fixed at the extremity of each side of the platform, 
the various parts of tho struoturo would soon become greatly 
strained, rendering the gun liable to temporary disablement. 
Various exi>edient8 have been resorted to for absorbing the 
reooil, some by means of friction, applied either before or im- 
mediately after its oommenoement, and oontinned with a oonstant 
resistance until the carriage is brought to rest : the compressor, 
which causes the friction by means of sorew power, being 
attached to the carriage ; and tho baulks of wood or bars of 
iron on whioh the oomproasion is applied being laid longi- 
tudinally from front to roar of tho platform, with whioh they 
are strongly oonneoted at both ends. 

Another application of friction has boon designed, with the 
objeot of gr^ually increasing the resistanoe from nothing at 
the instant of firing until the motion of the carriage is arrested. 
This is atrained by interposing between the compressor and the 
bars oompieased some elastic medium, such as india-rubber or 
xteel springs, and making the bars wedge-shaped in horizontal 
seotion, the wider end bring at the rear of the platform. Thus, 
aa the carriage recoils, the oompressors, recoiling with it, and 
being fixed apart at a constant distance, carry with them tiiie 
sheet india-rubber or steel spring, whioh undergoes a gradually 
increasing oompression or defleotion as the baulk increases in 
width; pressure, and therefore the resistance, increasing 
proportionately. Another method of oheoking the reooU, and 
one whioh has been generally introduced with great success, ia 
by means of the resistanoe offered by a oonriderable body of 
water, or other fluid, when forced thrqngh a small opening. 
The eontrivanoo was originated by Colonel Clerk, of the Boyri 
Artillery, late Su;>ermt6ndent of the Boyal Carriage Department. 
It commends Itself on the grounds of simplicity and effeotive- 
nesa, oousisting mei^ of a piston, a, (Figs. 5, 6) attached to the 
bottom of the oaniage, haring four Itoles of about an inch in 
diameter in tiie pls^-head, tiie diameter of whioh is about 
eight inbhes. This works in a cylinder, k, fixed riong the 
centre of the platform, and whioh, being otherwise closed at 
both endflC is nearly filled with oiL On fixing the gun, the 


reoril forces the piston-head against this confined mass of oil, 
whioh oau only make way for the profits of the piston by 
escaping through the openings in its head, thus presenting a 
great resistanoe to the motion of the ourrii^ with which the 
piston is connected. This resistanoe, ni^e that of the 
frictional oompressors, is greatest ahnost at the first instant, 
and rapidly decreases, varying with some power of the velocity 
of recc^ probably between the square and cube of that vriiboity. 
A merit possess^ by this ** hydiaulio buffer,** as it is termed* 
is the superior regularity of the resistanoe offared by a fluid 
oompared with the resistanoe due to the friction of two aoM 
surfaces. 

After each reooil of the carriage, the gnu is in a convenient 
position for loading. This process completed, It remains to be 
oonsidered what facility is ^ered for mnning the oSrriage for- 
ward into the firing position. The oarriage in its usual position 
is supported by the platform, on whioh the brackets reri along 
their entire length. In recoiling, very great friction is sot up 
between the touching surfaces of the carriage and platform. 
This friction materially assists in bringing the oarriage to rest. 
The resistance may be estimated at one-tenth of the weight 
moved. Tho 9-inch gnn and its carriage weigh about 15 time, 
consequently the resistance due to friction rill be about one 
ton and a half.' Useful as this is in reooil, its action presents 
a serious obstacle to running up the gun into the firing position, 
whioh would have to be aocomplishod by manual labour. The 
difficulty is overcome by the simple expedient of raising the 
sides of the carriage off the platform, and supporting them on 
rollers, l l (Fig. 4). The front rollers are so attached to the 
oarriage, that they shall, under ordinary oiroumstanoee, be just 
clear of the platform. The hind rollers work on eccentric axles, 
so adjusted that until the eccentric axle is turned round by a 
lever inserted in the socket N, which ia rigidly connected with 
the axle, the roller takes no bearing on the platform. When 
that operation is performed, however, the rear rollers raise tho 
whole carriage, bringing its front portion on to the front rollers. 
The carriage is then, for the time being, on four wheels, and its 
gravity acting down tho slope of the platform impels it towards 
the front. 

With heavier guns, more oomplioated mechanical means aro 
adopted for traversing, running in, etc. 

With reference to the third condition, a few words must 
Buffioe. Artillerists have long directed their attention to the 
object of securing the best possible cover for gun, oarriage, and 
men. Three distinot methods have been suggested. The first 
by reducing the size of tho embrasure to its smallest possible 
dimensions, With this view, the system of racers, with imagi- 
nary pivot under the muzzle of the gun, was introduced, admit- 
ting the use of a narrow but high embrasure. This has been in 
some oases greatly reduced in height by the introduction of 
muzzle-pivoting carriages, several varieties of whioh have been 
tried ; and some few are adopted for servioe in naval turrets. 
The distinotivo feature of these carriages is that the gun 
receives its elevation and depression partly or entirriy by 
moving the trunnions down or up, while the position of the 
muzzle remains stationary. The second method is that of 
utilising the foroe of reooil to raise an iron shield in front of 
the embrasure. This has never been adopted, but seems practi- 
cable and well deserving a trial. The third method is that of 
having a very high parapet, over whioh the gun fires, and under 
cover of whioh it is lo^ed. The very ingenious invention of 
Captain Monorioff, now so well known, is at present the only 
successful representation of this method. In his system he 
utilises the foroe of reooil to bring the gun under cover ; and 
by the aotion of a counter-weight restores it to the firing porition. 


SANITARY ENGINEERING.— XL 

WABMINQ BT HOT AIR ANP 8TBAM. 

In England the warming of apartments, as a general rule, 
ia by an open fire. Up to tbe time of t^ Tudors, the us^ 
method was an open hearth, wood being the fuel: an^ tim large, 
handsome fireplaces of the period were all provided with dogs, 
as they were oalled — i.s., iron frames at either end of ti»e hearth 
upon whioh the wood fire was Itindled, to support logs as 
they were thrown upon it : and in France, at the present day* 
the same system may often be seen in operation. Fluos or 




895 


SANITABY ENGINEEBINd. 


oMikittejt* ^ v«moval of ftmoke, were not generally pro- 
Tidid in ( 3 (mt Britain till about the fourteenth eentni^t the 
aaiohe finding ite way ont by openings provided in the r^ ae 
best it ndght. in some cdd baronial hells the dre-plaoe ooonpied 
the oenbre of the apartment, an opening immediately over it in 
the TO^ allowing ^ imoke to esoape. The blackened rafters 
el some of oiiur old mansions show clearly in what a state of 
atmosphere daring the winter many of onr eaoeetozs mnat 
have paeeed their time. 

On the Contittent, however, the comparative soaroity of fuel 
in many distriote, and the extreme cold of others, early led to 
the int^octioa of the hot-air stove, in which the heat is 
obtained, not direotly from the fire, bnt by radiation from the 
headed snrfaoes of &e stove itself, within wMoh the fire was 
oontained, and which frequently, for oleanUness and convenience, 
was so arranged that the ^el was supplied and the fire 
attended to from another apartment. In Germany, Sweden, and 
Bniala this form of stove is still in constant use, and in many 
other parts of the Continent ; the materials used in their oon- 
strttotion vary with the district, but we may mention, as those 
most in use, sheet iron and glazed tiles. The objection to the 
nse.of iron is that if the stove is allowed to bwome heated 
beyond a certain point, the air is, as it is teohnioally called, 
burnt, and becomes unwholesome, hefbdaohe and similar ailments 
frequently affecting the inmates: some remedy, however, is 
found by placing an open vessel filled with water upon the 
top of e stove, the moisture communioated to the air by its 
evaporation materially controlling unwholesome offeots. 

^e method upon which these stoves are usually built is this : 
the fire has only a small opening to the external air — indeed, it 
rather resembles a furnace than a fire — and the fine is conduct^, 
through a series of what may be called oonvolutiona, around 
and, as it were, in the body of the stove itself. A very common 
constmotiou is to have four flues, vertical, one at each angle of 
the central space which oontadns the fnmaoe, from which they 
are separated by brick or other divisions; tiie smoke is then con- 
ducted up the one and down the opposite one alternately, until 
the whole circuit has been made, and it ultimately passes off 
into the chimney proper. The whole mass of brickwork is raised 
to a considerable temperature, and the radiated heat thus ob« 
tained does the work. That there is no doubt as to the salubrity 
of these stoves when properly worked we may take for granted, 
as they have been made the subject of comment and experiment 
by some of the first scientific authorities on the Continent. 

So much for the general principle of foreign hot-air stoves. 
We proceed to describe one of the best and most extensively 
used stoves of this description used in modem times, known as 
Dr. Amott’s, the objects of special study in its construction 
being the wholesomeness of the atmosphere warmed, and 
economy of the fuel by which the result is obtained. A double 
case of iron is provided, in the interior of which is the pan or 
stove, made of earthenware, which contains the fuel, the coal 
burnt being anthracite, or some similar slow-burning quality. 
A constant circulation of air is kept np between the outer and 
inner case of the stove, which retains the outer case at a 
moderate temperature, while the products of combustion, of 
small volume, are conveyed by a pipe to the nearest chimney 
or to the open air. 

The fire is supplied with air by a small opening, closing by a 
valve, which is made self-acting by different iugenions contri- 
vances — i.e., when the stove becomes too warm the valve partially 
doses, and the drought is controlled. Sometimes this result is 
attsaned by the nsC d two bars of different metals, brass and 
iron, the unequal expansion being utilised to effect the desired 
result ; some^es air confined in a gloat tube by quicksilver is 
mode by its expansion to produce a similar result. Dr. Amott 
made these inventions the subject of a leotnre at the Boyal 
Institution in 1886. 

Another system was also introduced in London some years 
ago, by which the kitdieu fire was made available for heating 
aH the rooms of the house. A large hot-air chamber was con- 
strnoted at the back of the grate, in which the air was heated 
to a vexy oonsiderable temperature; it was then oohduoted by 
fluee» eomewhat on the same principle as described in onr last 
pap^ oh ** Warai^ by Hot Water,” to the topmost storey 
of ^ building, and subsequently distributed by dronlarion 
hnd separate ffnea to the various zooms where the warmth wae 
tequirod. 


In some large buildings a somewhat similar principle has been 
adopted, the sir being heated at a furnace specially desired for 
the purpose, and afterwards forced by a fan or blower driven by 
a steam-engine through a series of flues in various directions. 

A combination is ^ten made of the open fireplace and the 
close stove, with advantage, by the following means : — ^The fire is 
surrounded at the back and rides by an ab>riiamber, which has 
no oommunioation with the smoke-fluei bnt has a small pipe 
or other duct communicating with the external air. 'Hie fresh 
air thus drawn in by the heat of the fire is admitted direotly 
into the room to be warmed, by opexdnge in the front of the 
grate, which may rithwr be plain, esr protected as they generally 
are by open ornamental perforated gratings. One advantage of 
the adoption of this system is that the hotter the fire and the 
quicker tiie draught tiie greater is Ihe body of fresh air supplied 
to the room, the air being already warmed by its passage ri^ugh 
the chamber at the back of the grate. 

Hot-air stoves of various oonstmotionB have recently been 
heated by gas ; these are generally adopted in small rooms, where 
the situation is confined, and the oonstmotion of the building does 
not admit of the introduotion of an ordinary fire-place’. They 
are made with outer oases, sometimes of iron and sometimes 
of porcelain ; a ring of gas at the bottom beating a constant 
onrrent of sir passing through the stoves. In some cases pro- 
vision is made, by pipes or otherwise, to remove the products of 
combustion ; but when the room is of moderate size and tolerably 
well ventilated, they may be allowed to mingle with the air of 
the room, and so become dispersed, without any unpiessant 
effect ; as they are in point of fact no more in volume than 
those produced by a few ordinary jets as nsed for lighting pur- 
poses. We may here repeat what we before alluded to in onr 
paper on ” Cooking by Gm,” that the most eoonomioal method 
of consuming it when heat, not light, is the object in view, is, by 
admixture with a certain per-centa^ of atmospheric air, and 
most of our best modem gas stoves are constructed on this 
principle. 

The varieties of requirements are so great in ordinary warming 
by hot air, and the methods of application so various, that we 
do not thi^ it worth while to give any general data for exact 
calculation j the size of the room, the uses to which it is to be 
adapted, and the temperature required, leaving an opportunity 
in practice for almost infinite variety in l^e means to be 
selected. 

We now approach the next branch of our subject, warming by 
steam. This is rarely adopted in dwelling-houses, unless ^eir 
proximity to a factory where there is steam-power gives facility 
for its introduction. The means adopted are pipes, sometimes 
oast iron, sometimes of wronght, according to oiroumstanoes ; 
care, however, being always taken that they are sufficiently 
strong to resist the pressure to which they must necessarily be 
subjected — generally the working pressure of a boiler, high or 
low, as the case may be ; the temperature, of oonrse, materially 
affecting the proportional quantity of pipe required to heat a 
certain number of cubic feet of air. ^e general principle, 
however, we have explained in our previdns paper on ” Warming 
by Warm Water ; ” and we may say that, as a general rule, steam 
occupies an intennediate place between the two tystems, as it is 
not generally necessary to provide for such excessive pressure 
as when the high-pressure system of hot water is adopted pure 
and simple, this, being to a certain extent a spedAUtyi as 
described in onr last. 

In many oases, however, steam has been adopted as a method 
of warming when distributed through pipes, though mostly for 
commercial as distinguished from domestio purposes, and we 
may, therefore, note some praotioal points whirii are worthy of 
attention when this system is adopted for heating purposes only, 
and is not merriy an adjunct to an existing steam-boiler. For 
simplicity, eednomy, and efficiency combined, the old wagon-head 
boiler to & great extent holds its own, and it should always be 
bmme in mind that steam is mc»t eoonomiosBy and rapidty 
generated when the feed to the boiler is hot. This remit is 
readily obtain^ by arranging the feed-cistern in surii a position 
that the smoke and waate heat from the fire pees round it, and 
the water may be thus heated before pasting into the boiler 
at a heat little short of boiljmg. Too grsat a body of watsr in 
the bofier is also objeoilonable, as the time oonsnmed in heating 
it to boiling-point and generating steam wastes tiine and fuel 

It is always desirable, if possible, to have two boilers, primarily 
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lor altoralioti* xepalra. Ano^ar po^t io bo oarofoUj 
attended io ie a regiUar draught of ait» eoao to enmue a porf^it 
ooxnbootlaa of Inal, and the oToliition of a maarimnai of heat; 
a too lapld draught ia oftdn waotofnl, aa it draws the heat up 
the chimhej, instead of aUowliig it to do Its full work npon the ^ 
boiler. In slow-burning ooala it is especially inwtefnl, while in 
quick fires it is sometimes an adraniage. In all oonstmotions 
where steam is employed, the safety-vslre forms a necessary 
part of the fittings ; and the pressure at which the apparatus is 
to work being arranged, a pexiodioal investigation of its being in 
proper working ordw is duty of the engineer. As to the 
matmial for the pipes, lead is inadmissible for this reason, that 
at temperature of boiling water it expands beyond its power 
of re-oontraotion, and ther^ore any attempt io use it in per- 
manence <dther for boiling water or steam will certainly be 
followed by bnokliug and failure. Copper is expensive, and also 
uihealthy^ being sometimes offensive in smell when heated. 
Zino is too brittle, and oxidises rapidly at high temperature : we 
are, therefore, driven to the selection of wrought or oast iron, 
as occasion or economy may suggest the employment of the one 
or the other. The necessary provision shotUd also be made for 
the expansion of the pipes when heated ; for this we have 
already given sufficiently accurate data in onr paper on 
** Warming by Warm Water.'* 

In a previous paper on “ Wanning by Hot Water” we gave a 
caution as to oare requisite in arranging the level of the pipes 
so that steam should not be allowed to accumulate and be con- 
fined in the npper levels, and thus interfere with the circulation. 
Hi the use of steam-pipes the converse difficulty arises, and 
precautions should be taken io prevent the condensation and 
accumulation of water in the lower levels, as it will not only 
interfere with the circulation, but in some oases, by sudden 
condensation, accidents have occurred. It is desirable to have 
the pipes so arranged, as to level, that when out of use the 
condensation, as it aooumulates, may be drawn off by means of 
atop-oooks. 

In 'applying steam to the heating of public buildings, allow- 
anoe must always be made for the loss of heat from window 
openings, or surfaces of glass of any kind. There have been 
various methods of calculation adopted, but as our space will 
not allow us to give them in detail, we content ourselves with 
quoting a single example from a well-known authority. The 
t^perature of a church seating 1,200 people, and oontaining 
100,000 ouiio feet of space, taking the average congregation at 
600, and allowing 1,000 feet of glass surface, has to bo kept up 
to 60^, supposing that of the external air to be 30*^. The quantity 
of superficial s^aoe of steam-pipe required will be 428 feet ; 
and to produce this result the boiler should be in full work 
somewhat less than half an hour before the building has acquired 
the requisite temperature : to attain this result the fire must, 
of course, be lighted a proportional time before. If the pipe be 
4 inches diameter, aa the girth is as nearly as may be one foot, 
the length requi^d is at once ascertain^ ; and, with certain 
allowances for friction and radiation given in a former article, 
the quantity of any other dimension of pipe can be readily 
ascertained ; and it is a common rule to adopt that the boiler 
should contain sufficient steam to fill the whole of the pipe — ^in 
this case 37 feet 

In heating mills, a higher temperature has often to be main- 
tained — 70** is not uncommon ; but by a careful attention to the 
rules laid down for proportion of window-space, ventilation, etc., 
an aocorate calculation can be made of the quantity of heating 
surfooe, tiie amount of boiler-space, the area of the fire, the 
quantity of fuel, and all similar points. 

Many manufacturing businesBes of the present day are carried 
on by mesne of machinery driven by steam-power. The last gene- 
rathm has witnessed a wonderful extenidon of tiie principle. 
In many tradee where thirty years ago steam waa hardly thought 
of, it is now one of tiie main adjunots in the oonduot of the 
business. This k most especially the case in aU matters con- 
neoted with wood manufaotm. Ckbinet-makers,jdn 0 n,mtttioQl 
inatiminent makers, and a host of others, carry on their trades 
by steam-power, and here tiie boiler required Hn the oonduot of 
t^butiness requires little addltionisl siie to provide the requisite 
oonvenienoe. The lose of power acoruei only by the cooling of the 
surfaoe of the pipe exposed to tiie air, Mid can easfiy be oalou* 
latod ; and the heat used for warming may be utilised for many 


trade purposes, seasoning timb^) nuMqf 

beating irons of various descriptions- ' 

I Tbe li^ts of our space do not allow ns to 
I allude to the many auxiliary purposes to Whioh heat mar hi 
i appKed by steam-pipes. The drying of irooUen, mnsbn, mm 
' fabrics, and many other trade prooeeses; can be oarwed ^ m 
•mall expense by a eeries of eteam-pipee oonaeoted frith im 
working boiler of the establishment. ^ m 

One familiar instance wo may quote: the dangv of fire m 
building establishments is well recognised, and the prioee charged 
for insurance by the offices, as all contractors know, ave, asa 
usual rule, exorbitant. When there is a steam-boiler the 
premkee, a judicious arrangement of a systmn of pipes wiB not 
only keep the shop up to a requisite temperature at a min i mum 
expense, but may be made available for melting glue— a steam* 
oheet for the purpose being provided — ^boiling water, and all 
ordinary heating requirements; and in many other trades where 
heat k required and steam is available, similar lesulta may be 
obtained by a comparatively moderate outlay. 


CHEMISTRY APPLIED TO THE ARTS.— XIII. 

Bt GBOBOX GLADSTONX, 7.0.8. 

GLASS-MAKINa. 

Silicon, the eeeential element of flint, quartz, and rook crystal, 
will, at a high temperature, enter into oombination with the 
oxides of several of the metals and earthy elements, forming a 
silicate, which, on cooling, becomes an amorphous transparent 
substance, to which the name ** glass ’* k applied. 

The quality and appearance of the product differ very con- 
siderably according to the materials used in the preparation; 
so that in classifying the various sorts of glass, differenoe 
in the ingredients as well as in the mode of manufacture will 
have to be taken into consideration. 

The two most familiar forms in which glass k presented to 
ns, are in bottles, from the common dark green one used by 
the wine or beer merchants, up to, the elegantly moulded and 
ont carafe; and in windows, where the differenoe k almost 
equally great between the little ball*8-eyed panes of an old oot- 
t^ and the large polkhed plates which adorn the modem West- 
end houses. It w^ be convenient to follow these two grand 
divisions, alluding, by the way, to other descriptions of lees 
general importance. 

We begin with green bottle-glass, in whioh the oommoneet 
materials are us^, and the simplest process is adopted, as 
cheapness k an important consideration in this manufacture. 
The ordinary ingredients for this description are ferruginous 
sands, yellow marl^ and ouUet (whioh k glass waste from former 
meltings), with some kelp or wood ashes, or the residues from the 
soap and BO<la works. Tho sand and marl will both supply 
silica and oxide of iron, and the marl, lime and alumina in addi- 
tion ; the kelp or ashes orthe soapmaker's waste wiB f umkb potash 
or soda. The relative proportions of the several ingredients vaiy 
considerably in different factories, but the weight of the alkalk 
should be something more than double that of the sand and 
marl together. The iron contained in the two latter f^Utatea 
the oombination, aa it acts the part of a flux ; but to it is due 
the dark oolonr common to this sort of glass. Sands entirely 
free from the presence of this metal are rare, and therefore ex- 
pensive; they are consequently reserved exolnsively for the 
manufacture of oolourless glass. Before use the sand k {dried, 
and then sifted to remove any extraneous aubstaaoes ; the day 
or marl k also thoroughly dried and reduced to tiie state of 
powder ; lime or chalk, treated in the aame way, k often xubsti- 
tuted for the latter if the sand employed k argiUaoeoui in 
ohaxaoter. 

The materials being all intimately mixed tcgetiier, are put 
into the melting-pots to be fused. Tbeae axe large veseele 
made of clay, open at the top, and tapering alight downwaxdi, 
so that in s^pe they reeemUe very dloaely a common garden 
pot, only that they have no rim. In s^, tiiose need for oro^ 
or plate glass-making axe shout 4| 14^ high, 8 feet in internal 
diameter at the base, widmiing to A| feet at Ihe t^f hut k 
the Bpeokl manufacture we axe now deacriblBg* ih^ are uiually 
made smaller, being about 3 feet in hdt^t, and the aame in «k* 
treme width. As ^ making of the p^ thenmelvea iotmm a 
part of the buaiuesa of tk works, and the euoeese of the 
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The StooThri^ge or otlmr tefreet^ da^ ahoiild he 

needin m e kfaiy {Kitei the neerer thet it appimohee to a pare 
iQSaiite of almnina the better, bi^ the pretenoe o£ lime and 
pyrites ii eepeoialy to be avoided. The olay ahonld be 
rdoieteiied with water, and thoroughly kneaded with some old 
pot finely gxonnd, until ite oompoettion beoomee thoronghly 
uniform. It ia Ihen rolled out into email lumpe, and these are 
need for building up the pot by being pressed intimtely together 
by the handi of the workman, whose great oare ia not to leave 
iuiy ahsbubblea between them. The pot is then transferred to 
the drying^room, whieh is kept at only about a full summer heat, 
and it is Mt there for many months to dry. When ready, and 
required for use, it is removed to a reverberatory fnmaoe to be 
annealed, when in the course of several days it is very gradually 
wanned up to a bright red heat, and while at that temperature 
it is nq>i^ transferred to its ultimate position in the glam 
fumaoe. When it has been ^ere a sufficient time to have got 
up to its full heat, it is glased by throwing in a little cullet, and 
is then ready for use. 

A very intense heat is required for fusing the mixture which 
has alref^ been described j and therefore, with the object of 
economising fuel, the furnace is so construoted as to heat several 
pots at riie same time, the fire-place being in the centre with 
the pots around it. The draught is supplied from a vaulted 
ohamber beneath the floor of the glass-house, in the arch of ‘ 
which the flire-baxs of the grate are placed. The fumaoe ia 
covered above with a vaulted roof endoaing the pots, the flues 
being so placed that the heated gases must pass all round the 
sides of die pots before they can escape up the common chimney. 

The pots are filled up with the mixed materials, which gra- 
dually sink down as they melt ; more is then add^ until the 
pot ia nearly full of melted ** metal," as it is always oalled by 
the workmen. During the melting the carbon which may be 
present in the day or alkali is converted into carbonic oxide, 
the ebullition caused by the escape of which gas greatly facili- 
tates the intimate mixture of the several ingredients, and so 
prevents the glass from presenting a streaky appearance. This 
is a matter of special importance when preparing the finer 
qualities ; and in order to aid the escape of this gas, without 
which the glass when made will be found to be full of bubbles, 
the greatest possible heat is maintained for a short time, so as 
to render the metaJ quite limpid. After this die fire is lowered 
so that the gla^s may thicken again into a viscid mass, and 
thus become in a conation to be worked. 

The more mechanical part of the process — ^that of giving the 
glass a fom~is now arrived at, and it will here be necessary 
first to describe the principal tools and appliances used by the 
glass-blower and his assistont. The most important of all is 
the pipe, a hollow iron tube about 4| feet long, with a mouth- 
piece at one end and a small knob at the other a solid iron rod 
of about the same dimensions, oalled a punty ; different forms 
of tongs made with a slight spring, after the fashion of those 
need for handing sugar at the tea-table ; a large pair of scissors ; 
an arm-ckair, arms of which are quite sWg^^* extend 
for some distance in front of the seat ; and a low table, oalled 
a ** marver," the top of which is of polished iron. In addition to 
these, moulds bf vinous shapes are generally used, in order to 
secure uniformly in the size and shape of the bottles produced. 

The pot having been skimmed of the impurities (oalled glass- 
gall or simdiver) which will be found floating upon the surface 
of the metal, the end of the pipe (having fiM been heated) is 
dipped in, and a quantity of metal is gathered round the knob, 
■affident to produce the kind of bottle that may be required. 
The blower thdu takes the pipe, and blows down it into ^e 
metal, which will thus assume a hollow balloon shape ; by rolling 
it upon &e table he flattens the sides ; with the tonga he com- 
presses and dmpes the neck, rapidly twirling the 'pipe round at 
the same time by rdfling it upon the arms of his chair with his 
hand { and &en he puis it into the mould, and blows into 
it agdn to give it the final dueling. The bottle so far made is 
then taken up by the flnielier by applying the punty, t^ped 
with a little hot metal from the pot, to the bottom of itj and 
than it is detat^ied fiipm the pipe by the touch of a piece of odd 
^on or a Hl^ water. The flt^her then re-heats the neck of 
tlie botf^ at the woridng hole of i^e fumaoe, as by this time 


tli^ mstal haa oomidiEki^ down; ahapea the neck 

pr^irariy iiride as well as ontsi^, aa4 taking a small piece of 
firesh metal he twists it xooi^ the and oompletee the riim 
The bottle, is then carried ifif W a to the apneaUng Oven.te 
cool, and by a slight jmtc is qiseogsgud hfoiu the punty. 

The who& operation has cl neoessity to he; quickly, 

and a rapid rotatory mothm has to be mahrieined tluKu^hout, 
in order to prevent the glass from edlapsiug, or even dropping 
into an oblique form, in which case ^e bottle when fiui^od 
would not stand upright. Botatlon round the pipe as the axis 
will tend to make the bottle wideand flat ; if a long end narrow 
form should be required, the workman can readily produce it 
by holding the pipe at the mouthpiece, and swinging it aU bodily 
round in a large circle with his shoulder as the centre. 

Many bottles are made without the use a mould, in which 
case the process is precisely the same as that detail^ above, 
with this single exception — ^the blower judging hy the eye as to 
the size and form to be given to it. 

The annealing oven y^ remains to be described. Were the 
glass to cool rapidly it would be so extremely brittle as to be 
absolutely useless, and thick glass especially would be liable to 
fly to pieces, in consequence ol only slight changes of tempera- 
ture. The reason of tius seems to be pretty apparent, and the 
cure simple and effective. lake other substances glass contracts 
in cooling, though relatively less so ^lan most of the metals ; 
as compared with them, however, ite conductivity for heat is 
singularly small. Although, ther^ore, tiie relative contraction 
of iron and glass is, in round numbers, as 8 to 2, we can 
understand that the snperior conductivity of iron admits of a 
molecular change throughout its mass taking place during the 
cooling, sufficient to prevent the varions parts from being at 
very different states of tension. Glass, however, is snoh a bad 
conductor, that the exterior portion will be cold and rigid while 
the interior is still hot, and therefore expanded ; as it cools, 
then, the cohesion of the particles will become weaker as the 
oentre is approached, and the state of tension to which the 
whole will be subject will naturally render it sensitive to the 
slightest external infiaenoes. 

The annealing oven is therefore so constructed that the 
greatest heat shall be near the door through which the bottlee 
or other glass wares are passed in, with a gradual reduoticm in 
temperature towards the door at the other end where the goods 
are taken out. These ovens are frequently made in tiie form of 
a long low arohwsy, sometimes sixty feet in length, with a 
fumaoe at one end only» where the hmt is almost sufficient to 
melt glass. Here the goods are inserted, and the draught is 
directed through the tunnel, so that the party more remote are 
only heated by the surplus heat from in front ; the glass is made 
to pass slowly through the tunnel, the trays on which it stands 
being worked by an endless ohain, and t^ speed being regu- 
lated according to the kind of goods to be ann^ed. 

For small phials and the (ordinary oolourless glass, more care 
is taken in the selection of the materials, any containing iron 
and alumina being carefully avoided. Fine white sand, well 
washed, is used, with potash, soda, lime, and white collet. A 
little oxide of manganese ia often added, to assist in the 
oxidation of any iqgz^ents which might otherwise give a shade 
of colour to the glm. 

That quality, however, which is known as flint glass or crystal, 
and which includes all ike ornamental oolourless out ware, has 
quite a different oomposition. It ia a double silicate of potash 
and lead. The presence of the lead salt greatly heightens the* 
brillianoe of the glass, renders it more readily fusible, and 
softer. The use of soda is always avoided, because with lead it 
will impart a slight tint to the glass. The double silicate of 
potash and zinc is also found to have the same properties ; but 
the manufacturers generally adhere to the more familiar oom* 
bination. The most approved proportions are 

Carbooate of potash . 1 ewt. Nitrate of potash . 14 to 28 lbs. 

Bed lead . . . 2 „ Oxfde of maugBuase 4 to 12 ox. 

Burnt sand • • 8 „ 

to whieh pure flint cuUet can be added at discretion. 

I A much lower temperature will snffioe to fuse this mixture; 

I and advantage is taken of this circumstaaoe in us^ covered^ 
instead ct opeu pots, by whieh the risk of any bupmritiM falling 
into them during the melting is entirely obviated. A larger 
numbw cl pots can alto be heid^ with one fire ; ten being 
found the most d esi r a ble number. ^ 
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TIm grcstert poatfli!* '«n« luM to ba 'tdnn ti»t all tiM iugr^ 
limits aare m pirn «t ihesr oaii be iiuide. The lead nit is 
ipeoiellx peepean^ for glMs-melcere* eee. The best white aaiid 
fhnn Alttm &iy or Lynn Begie is first waiihed sereral times, end 
then bnmt, to retsove all ohanoe ci impurities. The oarbonete 
of pota^ is dissolved and reHttystiillised, with the same object. 
From such ingredients a pnre metal will be obtained, without 
even any san^yer floaUng on the surface, so that the operation 
of skimming has not to be performed. 

The moohanioal operations of blowing and shaping the molten 
glass do not differ in principle from those alr^y described ; 
but are snbjeot to almost endless modifications in practice, as 
may be judged from the Tariety and complexity of the forms in 
which the manufactured article is presented to us on the home 
table. It is unnecessary to go into these in detail. 

Many articles, such as tumblers, fruit dishes, etc., are simply 
monld^, and are often sol^ wi^out being subrequently oat 
and polished. These at onoe show their origin, by the ondnla- 
tion of their surface, and the olnmsineas of their edges : they 
are, of course, mnoh cheaper than the properly finished article. 

!^nt glass is cut or ground by being brought into contact 
with discs of metal or stone which revolve on a lathe. The 
face or edge of the discs is varied according to the form of out 
required ; and fine sand or emery mixed with water is supplied 
to the grinding surface from a hopper above, tlio former for 
rough work, and the latter for fine grinding. For polishing, a 
wheel of stone is first used to take out the coarsest scratches ; 
and then one of willow wood dressed with rotten atone, and 
sul^quently, for the finest work, with putty powder. 


PAPEB AND CARDBOARD MAKING.— I. 

BY OBOBaB TINDALL. 

HATEBIALa 

Tkb history of paper»making is the histoiy of civilisation. 
From the time when man began to advance from the most 
primitive state, the necessity of some vehicle to convey his 
thoughts and ideas otherwise than orally would be felt, and the 
conveyance of those ideas by signs would necessitate the use of 
some substances on which these signs could bo exhibited ; and 
wo may be sure the carving of these signs upon such natural 
substances as first present themselves, such as wood and stone, 
would bo too tedious and laborious a process not to call for 
some effort to produce a medium which would give greater 
faoilities for the more rapid interchange of thought. Hence we 
find that from a very remote period paper made from leaves, 
pith, and other crude vegetable substHnoes, was used ; but the 
elimination from these substanoes of their fibres, and the 
working of these fibres into thin plates or sheets upon which 
symbols could be portrayed, is a much later invention among 
Western nations i although the Chinese seem to have made 
paper from cotton, and mixed materials, as bamboo, hemp, and 
rioe^straw, from very early times. The Egyptian papyrus, 
from whioh we derive the word paper, was made from a reedy 
plant ^formerly growing in large quantities in Egypt, but the art 
has now entirely disappeared, and of the olmraoter of it we have 
no certain knowledge. The substance is supposed to have been 
made either by placing thin slices, or the thin oonoentrio coats 
separated by means of a needle or pointed shell, in layers, and 
pressing these together whilst moist; they were afterwards 
dried in the sun, and polished by burnishing witii a tooth, or 
some other hard substance. 

The materials from which pure paper is made in the present 
day are entirely vegetable Jibree, Any kind of tiiese fibres may 
be oonverted ^to paper, but not all of them poseess the neees- 
eary qualifications of being easily separated from the remaining 
portions of the plant, and the oa^bility of being bleached 
sufficiently to fit them for use in ^e finer kinds of paper, as 
writings ’* and printings ; ** henoe comparatively few have 
fonnd favour with papw-makere ; indeed, the use of vegetable 
substanoes for direct oonversion into paper has only resulted 
itt consequence of the enormouriy inmaa^ demand for that 
^article, which has been felt since ^e abolition of thoee eo-oalled 
texes on knowledge," which formerly considerfihly segmented 
the price of paper. Prior to this time, nmnufactiirere were 
content to procure their materials at ■eocmd hand, either aa 
waste products, obtained during the oonversion of vegetable 


fibres into mote costly fWw^# - 

mItsb, aftet thv had W wd / «»e Jh* 
they were originally manufactured. Bente mateinaM te w 
manufacture of paper mxny be divided into ^ _ 

(o). Vegetable tissues which have undergone pretwme 
paration in other manufaotures. 

(h) Crude vegetable tissues. ' . , ^ ^ 

Of the first of these classes, those tissues which have und^ 
gone previous preparatiou, rags ore by fur the most important ; 
M f or a long time— indeed, so long as the supi^ was 
the demand— they formed almost the only mater^ us^ m ^0 
manufacture of paper. The comparative ease wmoh the 
process of reducing them to pulp could be i>erfonDtiea wi^ 
doubtlesB, another reason for this preference, for ihey only 
require cleansing from dirt mechanically adherent ; whilst crude 
vegetable fibres, in the first place, require ve^ considerable 
“cooking** to free them from the gums, resins, and other 
substanoes with whioh they are so intimately associated in 
tissues of plants. Bags, too, from the frequent washings to whioh 
they are generally subject^ whilst being worn, are bleached 
mnoh more easily, and at less cost. 

Bags are of very various values os paper materials. Cotton 
rags, for instance, produce a soft woolly paper, whioh takes a 
smooth surface easily, and is very suitable for printing purjKisoB ; 
whilst linen rags produce a bard, strong paper, which makes them 
more suitable for writing on, and it is from new clean linen 
cuttings and rags, when made by hand and dried slowly in the 
air, that our finest and strongest account-book papers, bank- 
notes, loan-papers, etc., are made. Both these kinds of rags 
bleach easily, and are in groat request. Hemp rags, too, 
especially in the shape of sail and other canvas, although they 
do not bleach so readily as linen, form an excellent hard material, 
and are very nsefnl mixed with cotton for printings, making them 
firmer and stron^r. 

Other kinds of rags vary in degree of hardness, and it is by 
the careful use and admixture of these and other substanoes that 
the various kinds of paper are produced^ so that it will be at 
onoe seen how important to the paper-maker is a knowledge, in 
the first place, of the properties of the various fibres whioh 
corn's under his notice. Bags, as collected, are of oourse of a 
very mixed character, and are to some extent sorted and 
olaraifiod by the dealers. The qualities are somewhat numerous; 
Buperflnes and fines, consisting entirely of white rags, are used for 
writing paper ; outshots and seconds, or dirty fines, are the some 
kind of rags, but well worn, and consequently unclean, and mny 
be used for fine printings ; prints, whioh are snffioienl^ defined 
by the name, may bo either clean or dark, according to the amount 
of wear or use they have undergone ; they are good cotton rags, 
but the colouring i;^tter printed on them must be disohsrg^ ; 
wliilst thirds are the dirtiest cotton and linen rags, and only 
useful for the lower qualities of printing and wrapping papers. 
Besides the home supply, large quantities of rags are imported 
from the Continent, and from Egypt, India, and oth4r countries, 
those being known by various letters and marks ; the same kind 
of rags from different countries being very different in v^lne, 
and most of them being softer and weaker than English rags* 
The character of the neighbourhood from whioh rags are 
collected, too, is of some importance in estimating their Vilue, 
country rags being always cleaner than those from the neigh- 
bourhood of large manufaoturixig towns. The fustians and 
corduroys of the agricultural lai^urer ore lights and those of 
the fsot(»y operatives are dark and greasy, whilst the partioular 
kinds of manufaotni'e prevailing in oertidn districts ^ects the 
rags boUeoted in the neighbourhood. 

Besides the used-up results of the cotton and linen mann- 
facture in the shape of rags, another large olasip of materials is 
produced during the man^aoturing process, called waste, and 
this usually consists of short fibres and other impure substanoes 
cleaned from the good fibre in the various processes. Cotton 
waste is so valuable for b'eaning marine engines and other 
machinery, that very little of it except of a very inferior quality 
finds its way to ^ paper-mill; but ihe waste txom some 
branches of oottOn manufacture, such as thread, oandlewibk, ete., 
vdien dean, are exodlent and easily worked materials* Flak 
or linen waste, however, is vexy laagdy used, and tiie deaner 
portion forms an exosBeht hard material for mixing with softer 
rags, and giving strength to papers of medium quali^* The 
commoner kinds of this waste, such as tow* are very impure, 
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:]9eiiip and jute also enter largely into the ineKafaotnre of 
paptirf eepeoSaUy of the oommoaer kindn, in the ehape of ropes, 
beggit^; and waster For a loog time, brown papere were made 
almost entirely £rom old ropes, and those in*de i^m this 
material hate etiU the pre-eminenoe in the market. Hempen 
ropes and twines bleaoh well, but they are now so seldom found 
except mixed with juts and other substances, which are reiy 
di^nlt to bleaoh, that they are rarely used except for inferior 
papere, bnt they are aH good strong materials for ^s purpose ; I 
so are the yarioim kinds of bagg^g which are made from the | 
same substances, and two ef which enter yeiy largely into the 
mannfaotnre of paper, viz., ** Surat ” bagging, or the sheets in 
which cotton is packed when sent from America, and ** Botany ** 
in whi<^ wool is sent from Australia. Manila hemp is also a 
yery strong tough fibre, from which some of the most tenacions 
thin glazed casings are made ; these are almost as strong as 
parchment, and are yery seryioeable for wrapping iron and steel 
goods. material is also used in America for writings, 
although it is difficult to bleaoh. 

From what we haye said aboye, it will be seen that woollen 
rags are not suitable for the paper-maker, and for white papers 
^hey are oaref nlly sorted out and discarded ; but it is well known 
that most woollen cloths are made from a mixture of wool and 
cotton, the longitudinal fibres or **warp'’ being of the latter 
substance; and as wool is easily destroyed by a solution of 
caustic lime, these rags are now need to some extent by the 
makers of purple sugar and other coarse papers, the wool being 
partly desi^yed in the boiling process. As, howeyer, woollen 
rags can be oonyerted into shoddy and mungo, and used again 
for the manufacture of woollen cloth, it is not yery likely &at 
the use of these rags in tiie paper trade will be largely increased. 

Of late years the use of waste papers for re-manuJFaoture has 
yery rapidly extended ; so much so that the collection of these 
papers is now a very considerable industry. Brown, coloured, 
and even printed papers are all used, the ink being discharged 
from the latter by boiling in a solution of caustic soda, and this 
waste now enters largely into the composition of news and the 
commoner kinds of printings, as well as aU the inferior ooloured 
papers. Large quantities of waste papers are also regularly 
exported to the lJuited States. 

Beiddes these, many other waste substances enter largely into 
the manufacture of the commoner papers ; sugar matting, old 
fishing-nets, wooUens, and even silks may be used where white 
pa*pers are not required ; but the increased utilisation of these 
si^stanoes by re-manufacture into fabrics of a more costly 
character gradually narrows the quantities of these materials 
ayailable for use by the paper-maker, and makes him fall back 
more and more on a different class of substances. 

We shall now proceed to desoribe the second diyision of paper 
materials — crude yegetable fibres. Esparto, straw, and wood 
are at present the only substances really competing with and 
supplementing the use of rags. Other fibres are being tried, or 
being used in small quantity, and doubtless the time is not far 
distant when the yast forests of the tropics, where yegetable 
growth is a ) rapid and luxuriant, will furnish abundant materialB 
to supply the enormously augmented demand for paper caused 
by the increasing intelligenoe of the age. At present the colder 
r^ons of the earth seem to be likely to be first in the race, 
and the yast forests of Scandinayia are being attacked for this 
purpose; but the requirements of the paper-maker are oyer 
increasing, and the want is still felt of a material to help the 
Bmited though large stipplies at present ayailable. 

EspaHo, originally ^trodnoed from Spain, is a coarse, strong, 
and mzh-like grass, growing in large quantltiee on waste lands 
bordering the Mediterranean, and was until recently only used 
for ropes, matting, etc. It is, next to rags, by far the most 
impoi^t baaterial used by paper-makers, and, properly treated, 
it prodncM A beautiful, oleabi transparent paper, with a soft 
silky su^aee, %eil adapted for printing and lithography. It 
NeMhee a warm creamy white easily, and ths process may be 
carried^ until it riysls snow in purity and nrtlHanqy. It is 
now wy largefy tsed in tbe'manufaoinre of news and fine 


pinUngi, and Tory dheap «i4 good wrii^gs are made entirely 
from it, or with the aWntnre of titga. It is more diffioult to 
reduce than rags, requiring a itnmg amuUon of caustic soda for 
the boiHi^ process ; and as oi^ the fiimpns portion of the plant 
can be used, the yield is not newrly to great as from rags, whe^ 
the AMte has bM preriious^ got M of» It requires more 
than two ions of esparto to produce one ton of i)aper--a most 
important oonrideratlon when esparto liass, as has been the 
case, in a yery ehort time horn Afi to AlO per ton. Large 
qnantitiee of this grass haye of late been imported from Algeria, 
and a small quantity from other portions of the Mediterraoean 
coast, bnt the Algerian fibre is more diffioult to work than the 
Spanish, and the former still maintains a oonsldexably higher 
price in the market. Many paper-makera are of opinion that 
the quality of the fibre has deteriorated of late years, the cheioe 
growths l^ing first picked, whilst the plant requires some years 
to come to p^eotion ; it is certain that yery inferior qualities 
haye recently been brunght to the market, but these haye been 
eagerly bought for common news, the demand for which has 
become enormous. The bulk of the esparto imported to 
England was, until yery lately, brought aa return cargo to 
Newcastle by yessels lai^n outwards with coke for the Medi- 
terranean peuta, and the North Eastern Bailway Oompi^iy built 
large ’sheds at Tyne Docks for its reception; these, however, 
soon became too small for the rapidly developed traffic in this 
grass, and it is now stacked in the open air, and thatched like 
rioks of hay. The stook of esparto at Tyne Docks has ofteip been 
from 15,000 to 20,000 tons, whilst the annual import has 
reached 100,000 tons; this is, however, now sent to many otiber 
ports beside Newcastle, principally to Leith, Cardiff, London, 
and Liverpool, in order to accommodate paper-millB in yarions 
parts of the country. 

Straw has for many years been largely used hi Germany and 
other Continental countries, for the manufacture of millboards 
and coarse brown wrapping paper ; bnt lately the treatment of 
this substance has been very greatly improved in England, and 
now a clean white printing aa^ fair writing paper is produced 
from it. There is, however, one great drawback to its use for 
the higher qualities of paper — the product is always tender and 
brittle ; bnt mixed in small quantities with other substances it 
forms a hard material, and gives bulk and handle to otherwise soft 
and woolly papers. For clean white papers, only oat or barley 
straw is used, wheat straw having hitherto proved too refractory 
for use in t^se qualities. The principal difficulty is the re- 
duction of the knots ; the other pCrtions of the stalk are more 
eauly reduced than esparto; but unless ^e knots are cem- 
pletely softened by thorough boiling, thoM portions do not 
bleaoh uniformly with the rest, but show as ** sheaf ’’ in the 
paper. The attempt has been made to separate the knots by 
cutting the straw to chaff and winnowing, bnt without success, 
from ^ very small difference in the weight of the two portions. 
A machine has also been need for pressing the knots between 
rollers, and thxu breaking them up, but this trethod was 
equally unsuooessful, and both have been abandoned. In those 
mills where the best straw papere are made, the straw is first 
out to chaff and then boiled by steam at a high pressure, until 
thoroughly “ cooked the knots are then sufficiently digested to 
bleaoh equally with rest of the material. Straw millboards 
are now largely used in England for all light bookbinding pur- 
poses, and ^ost universally for cloth cases for printed books, 
and also for box-making. Ikey are easily cut and worked, and 
are suitable for all purposes where strengtii is sot of importimoe. 

Wood promises to become very shortly as important a mate- 
rial to the piq;»er-maker as esparto, although at present the 
product is very inferior; still, the improvements which have 
very recently and sore now beisg made seem to show that it is 
capable of producing good fibre, bnt the processes are costly in 
comparison with esparto and straw. With the exception of a 
few mills, this material is only used in England, and tiiat in the 
shape of wood-pulp imported from the ^ntinent, principally 
from Sweden and Germany, where the raw material is cheap 
and plentiful. In the manufacture of this pulp the wood is 
ground to powder, and hence there is a Want of staple in the 
fibre, so that it can only be used to mix with oilier materials, 
and in this state it is almost impossiblci to bleaoh to a good 
colour ; it is used ohiefiy in the manufacture of inferior news 
and printings, in order to fill up the engines and reduce the 
proportion of esparto* Large qtumtities ol news made entixelj 
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from wood lukTO of Itito boon imported from the Ckmtinent mijk 
oonsidembly leee prloe than BngUih-mede ptnntisge j but thie 
having no fibre, ie ae a mle tender, and weti unevenly, eo 
that it tehee a very imperfeot impreeeion when printed, and has 
oonaeqnently not been able to maintain its own against paiffex 
made from other materials. Other attempts are now being made, 
and so far with oonsideiable snooeas, to treat wood so as to retain 
the fibre of some length, by erasl^, and a variety of other 
prooesees ; the pulp p^noed by this means bleaches well, and 
the paper manofaotnred from it is of good quality, and very 
suitable for printiiig purposes. 

Various other oru^ vegetable substances are u^ in small 
quantities, or at present form the subject of experiment. One 
at the most interesting of these is the outer husk of the cotton 
•eed, which in great quantity has hitherto been a waste sub- 
stance, or used only as manure. The use of this material is 


an exoeptionalbr high pvioe. The fibrems bark at baobab 
tree {Adantonia dipifafa), an enormous tree growing mmmien^ 
quantitiee on the west coast of Afrioa, yields a very strong 
hard fibre, which, if it oould be secured at a snffloientiy low cost, 
wonid be* an excellent material for ps^-making, tiie paper 
produced from it being very tough and atrong, almost as strong 
as parchment. New Zealand flax and the tvaste from 
manufacture of this substance are excellmit materials, but at 
present they are much too ooetly to oompete with esparto. 
Hany other fibres have been tried, such as bamboo, plantar, 
ooooa-nut fibre, aU of which are capable of being converted into 
paper ; this, indeed, may be said of the fibrous portion of any 
plant, and considering the immense portions the earth's 
surface which are covered with a vegetable growth of sodbi 
luxuriance as to be almost impenetrable — some of them loaded 
by dense forests of trees so thickly overgrown and tall as to 
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adopted in conjunction with another manufacture, viz., the 
obtaining of oil from the kernel : the seeds are crushed in a 
machine between rollers, and the kernel separated from the 
husk, which is then boiled in a strong solution of oaustio soda : 
tiiia .separates the fibres from the ha^ portion of the husk. A 
paper of medium quality, but not very good colour, is the result. 
Palmetto, or the leaves ^ the dwarf palm, which grows in great 
abundance in some parts of the African continent, has latterly 
been imported in some quantity : the stalk and ribs of the leaf 
are very hard and strong, and require treating differently from 
the connecting leafy portion, which must be out out with 
scissors, so that the preparation of the leaves is tedious. In 
the leaf also are minute particles of yellow wax, which are not 
separated in the boiling process, nor are they noticed until the 
paper passes between the oale^ers, when they are pressed out 
tuto yellow spots. Diss grass, a taller grass than esparto, and 
not so strong, has also been used, and is at present imported in 
some quantity*, but as both and pa]met*o require more 
oaustio in the boibiig than esparto, and do not yield so muoih 
fibre, they can only compete with that substance when it is at 


shut out the light of heaven; and others covered by rolling 
prabde and savannah, the crops of which, year after year, are 
never gathered, but are literal waste pr^uots," except as 
fanning food for the herds of wild animals which roam over 
them at will — we cannot but be oonvinoed that we are but 
at the threshold of the use of vegetable fibres available for the 
manufacture of paper. No doubt llie enormoui demandr-^ ore as 
ing in almost geometrical progressiou year after year, as the 
spread of education and facilities of intercourse Increase — ^for 
this most oivfiising of manufactures will be met by a pvapat* 
tionate increase in the quantity and variety of tnateriila. We 
look with interest at various experinnmts which are now 
being carried on, but with no fear of a favourable result. The 
field is wide, and the labourera are many and energetic; and one 
by one the dUBcnltiea are cleared away, and new eouroes of 
oommerdid enterprise are opened up, new materials being adiM 
to the already great variety of those from which are nude the 
medium that enables us to diffuse our knowledge amongst eabh 
other; and to hand down that knowledge to out sbooessore to 
an futhre time. 
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SHtlP-BUILDINCJ.— II, I ft&other in loagitadinal sense — ooonr at any psirticalar 

n’T ^ rr ' tnuisveTse section of the ship, then there will be found a 

TL weakened pert which win be HWy to give way flrs^ Ortaking 

^stant Oortridlerand ^^ofKaTtlCo^ . anoiher mii*i*ation ! in an iron ship, where the transverse 

♦ Admlrslty. water-tight partitions, or ** bidldieBds,’* are placed, the outside 

iinKiniKTABr bibicabxs ok thk stbKnotk and BTBAIN8 OF pUktbg is often weakened gmtiy by nwneroas and olos^y- 
Bttips. spaced holes which reoeive &e rivets securing the bulkheads, 

BxfobK setting out on the course indicated in the last paper, it and unless preoantions axe taken, there is a danger of f raotore 
may be well to draw attention to a few general prmoiples in con- taking place through this line of holes — ^the ** w^est place ** 
nc<^on with the oonstmotion of ships to which reference will be which measures the strength of the ship. It is well known 
Blade hereafter* The great aim of the ship-bnUder should ob- that in seversl instances iron ships have actually broken in two 
nonaly be to construct his ships in such a manner as to obtain in the manner indicated, and persons nnaoqnaintdd with the 
the greatest possible strength with the least possible weight of real canse have thou^t the accident due to something inherent 
material, and at the smallest cost. For instance, a meridiant to iron ships, whereas it was the result of negleoting the simplest 
ship of certain form and dimensions ia to be bnilt. 'When laden I principle of construction* In some oases, moreover, where 
to a certain draught of water, the n a b weaknesses have been obserted 

weight of water &e displaces ia a r* fx in ships, material added for the 

certain fixed quantity which can XT — { 1 { T p t , . purpose of strengthening them 

be oaloulated; thk equals the wV ! w j n j ^ | X lias been worse than useless, 

total weight of the ship herself |In"g ' I ^ because of the fact that the 

and all the cargo she can carry VJl I T ^i! d«i dij > . additions have left the original 

at that draught. Hence, any weakened section unstrengtfa- 

reduction in the weight of the ened. of strength 

ship means an addition to her can only be obtained by oare^ 

oargo-oanying power, t.a., to the | * q)\ combinations of the vsarioua 

chance of her oommeroifd sno- | of n oven supposing 

cess; and it also probably means | ^ W \ that their scanflingt have been 

a saT^g in the cost of construe- A \ properly prop o rtioned ; but un- 

tion. Now to fulfil this funda- I less such uniformity is aimed 

mental condition, this axiom of % Ir I at, and discontinuity, or sudden 

right oonstmotion, the builder ^ ^ ,„,s == jp ■■■ — < | l changes of atrengtii in adjacent 

must distribute the material in a H parts avoided, satisfactory re- 

tho ship so that it may be situ- *** ■ r suits cannot be obtained. Bn- 

ated in the best possible manner 1 1 ll deavouring to arrive at the 

for giving strength to the stme- \\ ^ JJ nearest approach to uniformity, 

tore. To take a very simple ^ n M ^ the ship-builder will be amply 

illustration, we will supnose a repaid, and will produce' a 

beam to be r^uired to support lighter, stronger, and cheaper 

a known weight in a certain ^ vessel. 

lioaition. Then by calculation. Fig. 2. ^ ^ Th® foregoing remarks, with 

a skilled designer could estimate ^ but slight changes of illostra- 

what part of the beam would tion, are as appli<»d>to to many 

have to resist the greatest strain ^ works of dvil engineers 

tending to bend it, and he wpnld u “ ^ those of ship- 

fashion the beam so that at each u bnildetrs ; but in applying 

part the amount of tiie material n 1* U prmoiples to prartioe ship- 

shonld be proportioned to the \ builders have by far the more 

strain it h^ to bear* What difficult task to perform, for th^ 

can be done with oomparative ^ \\ \\ have to deal with straining forces 

exactitude in this simple case -j^\ which it la practically imim^ 

cannot, of course, be done in the ^ sible to detemdne the magni- 

caaeof a complicated stracturo \ Jl tode, whereas dvil engineers can 

such as a ship, subjected as it is \\ % /j m inost oases approximate to 

to straining forces of mdmown \\ ^ cyy the maximum strains to wh^ 

magnitude and of rapidQy vary- ^ \ oonstraotioiis are likely to 

ing character; and in which, ^ ^ subjected, Besides thii, the 

moreover, the designer has to Fwr civil engineer has mainly to deal 

Htudy how best to accommodate with^irsd bridg^ girders, etc., 

the passengers or crew, carry the while the ship-bnildw has to oon- 

oorgo and stores, make provision for safety, and meet many stmot vessels carrying thdr own propelling apparatus, capable of 
other demands that sadly interfere with the arrangements which moving at high vdodties, and strong enough to withstiuid the 
might be made on purely theoretioid grounds. Still there arc shocks of waves, as well as the heaving, rolling, and pitdiing 
many opportunities which may be made use of in order to make motions impress^ upon them* To estimate wito accuracy the 
practice and iheory agree more olosdy than they would other- straining fortes acting upon a ship at sea is, in tiie present state of 
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wise do, and to toese allnsion will be made hereafter. 

Another principle of oonstmotion, which from its very dm* 


mathematical science, an impossibility ; and on this account ship- 
boildeis have to dep^d very greatly upon experience and pre- 


plidty is BometimsB overlooked, is expressed by the well-wom^ cedent in determining the reqnidte strength for ships. Know- 
saying, “Nothing is stronger than its weakest part.** This ia ing that some vesaeli, built on eertain prindples, have proved 
neai^ rtlated to the condition just laid down, that toe suffidently strong, the designer has to provide a proportionate 
bert distztoution of material is that which proportions its amount of stxength in the ressel to be built, or at least not to 
amount at every ifiaee to the strain which that part of the depart so fkr from his model at one step as to possibly pasf lb® 
stmetort has to bw } but in a ship, composed as it is of very Uznito of safety. But while tiiis is ^e of toe prtvidoh of 
many pieoes» the oombinati^ of these pieces is of no less strength in toe ship as a whole, it is no less true that innaisijng 
importance toan the provision of sufficient dlmendons— or toe detaUed arxingements lor giving tiie desirtd strmigto there 
“soantitog,’^ to use the ship-htdlder’a term— to the various parts, is a large field for origtoalityand improvement, and it Is iii tois 
Formcfittpe, toe outside pUnddng of a wood •hip may be very direction mainly that changes have bemi made ef late years* 
tolek; Mi^tortiigb wimt of Oseeva very large nw Inspeaktog of toe stxei^ and sMas of dtips It to most 
of **bntto *^>*-totatto, of the endings of pianks adjao^ to one oommon to oompare toem irito girderi* The eompartooh to^ 
♦62—: 
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very old one, having been made by the great Fxenoh writer, 
Bongtter more than a oentary ago, and repeated by nearly every 
Buooeeding writer of note in dealing wi^ the question. Sinoe 
the oonetmotion of the Britannia and Conway tabular bridges, 
however, the oompaiison between ^pa and girders, in so far as 
their 8irength$ are oonoemed, has become mnoh more exaot, and 
this rostdt is mainly due, we believe, to 3ir W. Fairbaim, who 
took a very prominent pi^ in the experimental researohes upon 
which the oonetrnotion of those bridges was based. By this 
means we are enabled to gain a far more definite idea of the 
comparative strengths of ships than conld otherwise have been 
obtained, and under known, mr rather a$$wned, oonditiens the 
ship-boilder can foretell with moderate certainty whether the 
vesael will be capable of resisting the strains brought np^ her. 
For example, if i!he is supposed to, rest upon the ground in such 
a manner as to be supported only either at the extremities or 
at the middle, then she becomes praotiotdly a fixed girder, and 
the strains can be oaloulated in the same manner as those for a 
bridge are determined, as oan also the powers of reristanoe of 
the ship. Sir W. Fairbaim, and others with him, think that 
this would be a fair test for the ultimate Btreii|gth ci all ships ; 
but, on the other hand, it is urged that thmre is so small a pro- 
bability of a ship ever taking the ground in either of these 
extreme positions of support that it is unneoessary to provide so 
great strength as wo^d be reqtdred to endure the strains 
resulting therefrom. It is but fair to add that instances are on 
record of riiips having been placed in the oiroumstanoea assumed, 
bat they are so few and far between as to have little influenoe 
on practical oonstmotion. Builders naturally regard ships as 
intended primarily either to remain afioat or to take the ground 
in a different fashion from that described above, and there is 
doubtless much to be said in favour of their view. Its weakness 
.consists, however, in the fact that it is impossible to estimate 
the greatest strains brought upon ship when afloat among 
waves with the same aoonraoy as when she is aground ; so that, 
as was said before, the only means of judging of the suffioienoy 
of her strength to resist the strains to which she may be 
subjected when afloat is by oomparlson with other vessels. 
Attempts b&vo been made, it is true, with some suooess, 
to approximate to more definite oonolusions, but the furthest 
result hitherto reached is far from satisfactory. No one has yet 
euooeeded in expressing (by figures) quantitatively the straining 
effects produced upon the hull of a ship by the violent motions 
to which she is subjected when at sea ; nor does it seem pro- 
bable that this extremely difficult problem will soon be solved. 

The only case which oan at present be made the subject of 
comparatively accurate calculation, is that of a ship fioa^g at 
rest in still water. By well-known methods it is possible to 
• estimate the upward pressure of the water upon any portion of 
the vessel, seeing that the pressure exactly equals the weight 
of the water displaced by that portion ; and it is also com- 
paratively easy to find ibe weight of any part of the ship, 
together with its contents. A simple illustration will help ns 
here; In Fig. 1 is represented a ship floating in water, the 
surface of which is shown by the line w l. Let ns suppose 
four imaginary divisions (marked d„ d,, d,, d^, and dotted) to be 
made in the ship, which may be thus conceived to consist of 
five distinct parts. At the bow, where the immersed part of 
the ship is yerj fine or sharp, we will suppose the weight of the 
pmrtion of the ship out off by the division d^ to exceed the 
buoyancy of that portion by a force whose amount is Wj, and 
whiob is represented in direction and position an arrow. 
Similarly at the aftermost portion, we wUl assume an excess of 
weight to exist, and to be represented by w,. For the remain- 
ing three parts, situated near the middle of the ship where the 
under- water form is fuller, we will suppose the buoyancy of the 
respective parts to be in excess of their weights, and represent 
these excesses, acting upwards, by the letters Bp b., b„ as to 
amount, and by the arrows as to position. It will 1^ obvious, 
therefore, sinoe the total weight of the ship and lading equals 
the total buoyancy (or weight of water displaoed), that the snm 
of the three upward pressures. Bp B,, B^ must exactly equal 
the sum of the two downward pressures W| and w, ; and it will 
oilso be clear that from tbs' positious at which these pressures 
ere supposed to act, there will result a tendency to mske the 
ends of the vessel droop relatively to the middle. Sneh a change 
4>f form is termed in tecihmosl language ** hogging,*’ and the 
opposite dionge. when the middle of a shin drooDt relativelv 


to ends, is termed ” sagging.** The former is the more 
oommon change, and is espedf^ observable in old wood ships ; 
*’ sagging,** although less oommon, may sennetimes hs ssen in 
long steamers with very heavy weights of machtaery, etc., placed 
near the middle, and causing a considerable exoesq of weight 
over buoyancy at that part. « 

From this simple iUnstration it will appear that the straining 
forces brought upon a ship when floati^ in atUl watrnr depe^ 
largely upon the manner in wfaioh the weighta carries are 
pla^ and also upon the form of the vessel under water. 
When^these partionlars, and the detsila of the weights of the 
hull of the ship, are known, the atraining foroea can be calcu- 
lated with a fair amount of accuracy, a^ the relation which 
they bear to the ultimate atrength of the veaeel, oonaidered as a 
girder aoted upon by known vertical foroea, oan be determined, 

iHfferent dassea of veaaels are, aa might be expected, anb- 
jeoted to very different kinds' of straining forces, whmi floating 
in still water ; and the aame ship may, at varioua timea, have 
very various strains brought upon her hull, by ohanges in ihe 
stowi^ of the weights carried by her. Turning once more to 
our simple illustration in Fig. 1, we might suppose that instead 
of having an excess of buoyancy throughout all the middle part 
of the vessel, some very concentrated weight — such as a cargo 
of railway iron— is placed there, and the ends left almoet free 
from weight. Then we might have downward preesures amid- 
ships, and upward pressures at the ends, tendiug to make the 
ship ” sag.** Or, oontemporaneonaly with the excess of weight 
we have imagined amidships, there might also be excesses of 
weight at the bow and stem, so that we should then have, say, 
the upward pressure B, in Fig. 1 tamed into a downwa^ 
pressure ; and its amount added to and w^, balanced by the 
upward pressures, b^ and B,. This is a more complicated case 
^an the preceding one, but it is far more likely to be met with 
in actual ships, where there is almost idways an excess of 
weight over buoyancy, at both the bow and stem, when floating 
in still water. 

It will appear, therefore, that even when at rest a ship may 
at different times be strained in very different ways, according 
to her stowage, particularly if she be a merobant ship, carrying 
a very heavy cargo, andtbatconsequently great care ought to be 
taken in stowing the cargo. Sometimes she ^y tend to hog 
throughout the length (the case represented in Fig. 1) ; at others 
there may be a tendency to sag ai^dships as well as to bend the 
ends down, thus tending to make the ship assume a sinuous form, 
under the conditions of stowage last stated ; at others, but only 
very rarely in ships floating in still water, the vessel may tend to 
sag throughout her length. Hence it will appear that a ship's 
structure must bo capable of resisting strains tending to bmd 
it either upwards or downwards, and the various longitudinal 
pieces must be capable of bearing tensile forces, tending to 
tear them asunder, compressive forces tending to omsh tkem. 
This is a fact impoitant to note, the impottanoe of which will 
be more fully appreciated when we glance at a ship's condition 
in a sea-way. 

From the general sketch of the causes of hogging and sagging 
given above, it must not be imagined that sagging strains ore 
brought upon every part of a ship where there is an excess of 
weight, and the caution is given because the contrary is often 
assumed to be tme. Without entering into the question at 
length, which is out of our power here, we would observe that 
in all such oases as that represented by Fv* li modifi- 

oations thereof that have been imagined to he made, it is neces- 
sary, in order to calculate the bendLig force at any cross section 
of the vessel, to take into account all the vertioal forces acting 
on one tide of that section, either towards the bow or towards 
the stem. Henoe it may happen that even with a oonsiderakle 
excess of weight amidships, if there is also a large egoess of 
weight at the bow or stem, there may be no ssg^tng strains, 
because the effect of the one is neutralised by that of the other. 
So far as has been yet ascertained, the only oases where sagging 
strains actually occur, are those in whid^ the excesses of weight 
amidships are very eoneiderable, and thehr effects are not 
counterbalanced hy the effocts of ike downward preasunes at 
the bow or stem. The popular Idea that sagging oltonys ac- 
companies exoeues of weight near the middle ships, is based 
upon the fact, that euoh concentrations of heavy weiglit bring 
severe local straina upon the subjMent parte; of the ridp, and 
alterationa of form ham in tome eaeei oocumdineoxaemunee t 
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but thia it a. rwj AifEerant thw that proparly temod 
^'aaffgisig/* ' 

For aaamplat if a beam retting near either end upon a wall, 
beyond wbi^ tbe enda projeotad, were loaded with heayy 
weights, w^and Wg, aa shown in Fig. 4, and alao oerried near the 
middle a n^irbt Wg, it would exao^ illnetrate the oaae of the 
ship that w^kt tag amidabipa ; but it ia a matter of oommon 
obaerration that andh a beain might, even with the load w„ 
oontinne to be oonvez npearda or hig throngbont ita length, 
anppoaing it to bex^ under the action ol ita load. It might 
alao happen that the weight Wg, if very heary, would ardb the 
beam downwards, while the action of the weights and 
Wg might make the enda droop; the final effimt bemg to 
give the beam a tinuaus form, snob aa we aopposed a ship 
might be made to asanme. In ^th oases, however, the weight 
Wg, being oonoentrated, would tend to xnake tbe beam bulge 



down immediately below it, and this tendency oorreaponds to 
the local strain referred to above aa being sometimes confounded 
with sagging. We might obviously, by very simple means, so 
strengthen ^e beam near the place where w, rests, as to pre« 
vent any bulging, and yet not interfere with the general cha- 
raoter of the curvature which the beam assumes ; and in the some 
manner, by various strengthening pieces, the ship-builder pro- 
vides the necessary local strength which experience shows to be 
required under oonoentrated weights. Thia diatinotion between 
local strength and the strength of a ship as a whole must always 
be carefully remembered. It ia in the latter particular only 
that the comparison is usutdly made between the resistance to 
straining forces offered by ships and girders. 

Bespeoting this comparison, a few words of explanation will 
be needed, and those probably be rendered clearer by the 
•outline tremsverse section of a ship, floating upright in still 
water, shown in Fig. 2. When a beam or girder is subjected to 
bending strains, the greatest intensity of straining force at 
any cross section is experienced by the uppermost and lowermost 
parts of the beam, as is shown by the fact, that if rupture takes 
place, the beam begins to fail at either its upper or lower surface. 
Theory teaches, too, that near the middle of the depth of the 
beam (or, speali^g more exactly, at the centres of gravity of its 
•cross sections) there is a part — ^^own as the neutral surface*’ 
— which is not subjected to tensile or compressive strain ; and 
iihat as the distance of any other part from this ** neutral surface” 
inoreases, so also does the strain it has to bear become increased. 
'Consequently, in designing beams, it is usual to throw as much 
•of the materia] aa possible into flanges ” which are most 
distant from the neutral surface, and are therefore most strained ; 
the web in such oases is but little strained, and is of minor 
importance — ^in fact, need only be made stiff enough to efficiently 
oonneot the flanges. In ** lattice-girders ’’ the prinoiple re- 
•ceives its fullest development, the web being formed by the 
lattice-bars, while the flimges ore made up of strong combina- 
tions of plates and angle-irons.* 

Keeping these facts la view, let ns turn to the cross-section 
of the ship shown in 1^. 2, which may be considered as repre- 
senting on an enlarged scale the oross-aeotion at d, of the vessel 
illustrated by Fig. 1. The conjoint action of the forces and 
obviously tenda to break off i^epartof the vessel before d, from 
that abiit it, and as the result a tmudle, or stretching, strain is 
brought upon the upper part of the ship, while a oompressive 
atrainhasto be resishMll^ the lower part. Kear the n^dle. of 
the depth there will be a neutral surface subjected to neither 

* Take, for example, the simple ease of a bent beam, wbioh was 
originally straight. In order thirt ft may become Ottrved,it is obriooa 
that the layers of material lying near tbe convex cmrfaoe must bave 
been etietdied beyond their imtuial ]eagtii,wbiU tii^ 

oonoave enrCaee must have been eompresced within their natural 
length; we that between the two smfaeos tb«e nmt eeonr a layers 
the ns<4ralsurhme"«whihh Is neither stretched nor eon^iisqd. 


tensile nor oompressive strain, and the parts adjacent to it will 
have bnt little etrain brought upon ^em. It will be olear» 
moreover, that only those portums of the vessers structure 
wMoh run longitudinally can be of assistance in preventing her 
from breaking across deck or bottom and down the sides. 
For instance, the beams under the deoke, beiag placed trans-. 
versely, can lend no more help to the longiiudi^ deok-planks, 
than can the transverse pieces of the roadway of a bridge help 
the longitudinal carders which stretch hfom pier to pier. Hence 
we have to look upon the decks (without tiie beams), the planking 
or plating of the rides and bottom, and the vi^ons internal 
strengthenings ranning through the leng^ of the vessel, as 
forming the component parts of a hollow girder, giving longi'* 
tudinal strength to the structure. The more iaoiportaiit flanges 
of this girder are formed by tbe upper deck (marked a a in 
2), and the bottom np to the height of the bUg^s (say up 
to the line c e in the diagram). The webs joining these flanges 
are less important, from this point of view, and they are formed 
by the skin and other longitudinal meoes ; while the intermediate 
deck, h hf may be regard^ aa a subordinate flange. With these 
assumptions it is not a diffionlt matter to estimate approxi- 
mately the longitudinal strength of the structure at the section 
in question, and to compare it with the oalculated straining 
force at that section when the ship floats at rest in still water. 

The still-water strains to which ships are liable do not, 
however, compare in magnitude with those experienced by them 
when at sea. No argument is needed to snpp^ this statement, 
but an illustration or two of its truth may not be out of plaoe. 
When floating amongst waves a ship may be supported in sndr 
a manner as to greatly exaggerate tbe unequal distribution oi 
the weight and buoyancy existing in still water at various por* 
tions of her length. For exrinple, if the vessel iUustrated by 
Fig. 1 ohanoed to ride upon a single wave, the crest of whidi 
was for an instant situated near the middle of her length, the 
result would be a very large increase in the excesses of buoyanoy 
(Bj, b,, B 3) amidships, and in the excesses of weight (Wp 
forward and aft, this change producing, of course, much greats 
hogging strains. On the other hand, if she floated astride a 
wave-hollow, with her bow and stem buried deeply in the wave- 
slopes, and the middle portion partially denuded, an entire 
change might be wrought from the condition in still water, and 
severe sagging strams might be brought upon the structure. 
Many other ol^ges might be imagined, and would undoubtedly 
occur at some time or another; the preceding oases vrill 
, suffice to show how much more unequal may be the distribution 
j of the weight and buoyanoy in a ship amongst waves than it is 
I in still water, and how much greater must be the strains to be 
resisted. 

Adding to this consideration the fact of the rapidity of the 
changes of stra/ms under these conditions — a very few seconds 
sufficing to entirely reverse their character, taming great 
hogging strains into great sagging strains, and vice verea — ^we 
see how necessary it becomes to provide strangth to resist both ; 
and when it is recollected that additional intensity is imparted 
by the heaving and pitching motions which the ship is com- 
pelled to perform, we obtain a still better conception of the all- 
importance of ihese strams at sea, as compared with still- 
water strams. Nor must it be overlooked that contemporaneously 
with the violent changes indicated above, the vessel must often 
be rolling heavily from ride to ride, so that positions must 
frequently be re^ed in which the conditions illustrated by 
Fig. 3 will hold, and the resisting power of the ship to longi- 
tndinal bending strains will be similar to that of a hollow girder 
set angle-wise. Portions of the structure which in the upright 
position had little or no strain to bear, now become severely 
strained ; and conversely, those which were of most importance 
in the upright position sink into a subordinate place. 

Stress is Irid upon this point because there has been a 
tendency to re^ot the consideration of a ship as a girder to 
tbe upright porition, and to distribute the material in accordance 
with that idea. For example, many persons have strongly 
urged reductions in the thiricneas of plating near the middle ^ 
the depth in iron ships, because in the upright position this 
would be near the neutral surface. To carry such reductions 
far would, however, obviously be improper, for the reasons just 
assigned. At the same time it shoirid be remeinbored that the 
upright porition is that in or near whirii the vessel is most 
treqioently situated, so that it is right to tsgnlate the dxstri* 
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bntion of tho XBAtorial in the oroBS-seotioii znore by the oon* 
fiideration of the relatire importance of the rarione parte under 
that condition, than by any other reaeotting* ^ view the 
majority of ahip-builders are now agreed, and as a reenlt we find 
far more attention paid to the etrengthenlng of the upper parts 
of ships, particularly of the npper d^s. 

In considering a ship as a girder, it must be remembered, 
too, that its breadth gradually decreases from the centre to> 
wa^B each end, and that consequently the strength of the 
oross-seotion diminishes towards '&e extremities. Many ship- 
builders consider that in spite of this decrease in. breadth and 
strength there is still a larger reserre of strength in proportion 
to the strains brought upon the sections near the extremities 
than there need bo ; and in consequence they haye urged the 
propriety of a larger reduction in the thicknesses and scantlings 
of the parts near the bow and stem than is now common. 
Some reaction, it should be stated, is always made, but the 
question of amount has been one that has occasioned much 
debate, and it is still unsettled. The popular view is that the 
diminution in strain commences from some section near the 
broadest and fullest port — the “ midship section,” as it is called — 
and that it progresses gradually towards the extremities. This 
view, in so far as still-water strains are oonoomed, has, however, 
been proved to be inaccurate by investigations made on actual 
ships, in some of which it is found that the section of maximum 
strain is at a considerable distance before or abaft the midship 
section. But while this is true of still-water strains, it must be 
borne in mind that there are more important straina to be 
token into account — ^those experienced at sea ; and there is good 
reason to believe that in all dasses of ships under the latter 
condition the maximum bending strains do occur at or near the 
midship section, the amount of strain at other sections diminish- 
ing towards the ends of the vessel. On the whole, therefore, the 
popular view may be regarded as a oorrect one so far as its 
influence on the disposition of the material is concerned ; but 
experience is, as yet, the beet guide we have in making reduc- 
tions in scantlings, and theoretical considerations are justly 
ontweighed in this particular by practical requirements. Still 
every sound effort to make practice and theory approximate 
more closely must be advantageous, seeing that it helps on 
towards the ideal of structural perfection — Uie proportioning of 
the material to the strains it has to endure. 

THE LATHE. —II, 

Bt IXmrBT Nobthoott, C.Ii. 

LATHB WITH FLY-WHEEL ABOVE— LATHE WITH PLT-WHBEL 
BELOW — MODERN HAND-TURNER's LATHE. 

Lathes whose motion is derived from an independent fly-wheel 
are convenient when work has to be accomplished that requires 
rather more power than tho workman himself can exert, and 
yet not enough to give employment to a steam-engine. Many 
snoh lathes are still to be seen in country towns, chiefly in 
t!ie workshops of blacksmiths and wheelwrights. But where so 
much power is not required, it is rather too expeusive a plan to 
employ an assistant only in order to obtain continuous rotation 
in one direction, and consequently other methods have been 
devised to enable the turner himself to produce this. One of these 
plans is Ulnstrated in Fig. 5, and consists, as will be seen, in 
placing, as it were, the independent fly-wheel over the operator’s 
head, retaining the winch-handle, but enabling the turner him- 
self to work it, by bringing down a rope with a handle at the 
end to form a kind of l^U-rope. This rope is brought down in 
such a position as to be within convenient reach of the tamer 
when he is standing at his work. It is obvious that by pulling 
this rope— ^e winch being in favourable position, shown in the 
drawing— tho wheel and ite shaft would be caused to rotate, and 
if the ^sbn were removed so soon as the centre of the winch- 
pin got into the straight line Joining the hand and the wheel-axis, 
the momentum of ^e pulley, purposely made heavy, would 
carry it round the centres, and bring the winoh-pin again in a 
poaition where the workman could pull with advantage, Bnt 
whenever the wheel overhead stopped in such position as to 
leave the centre of the winoh-pin in a straight line paaiing 
throQI^ the workman’s hand and the centre of the eHteel’s axle— 
a position known to mechanics as being " on the centres 
the wheel oonld not be again started by any amount of pulling, 


but it would be necessary to move it over the centres by eome 
force otherwise applied. The wheel being overhead, too, and out 
of easy reach, it is dear that liability to inch stoppages on the 
centres” would be most annoying. Fortunately, however, ihey 
are easily obviated by placing a small weight on the pulley near 
the rim, and on that part of the pulley that would be nearest 
the floor at the time the winoh-pin woold be ia the most 
fav(mrable position for being starM from. The addon the 
weight is simply to rather more than cicranterbalanoe the weight 
of the winoh-pin and bell-rope, and to overcome the friction of 
the axle in its Journals, ^s expedient enables the workman 
to drive his work always in one direction, and either towards 



him or from him; bnt one of his hands being employad in 
polling this rope, he has only one hand to goide and steady the 
taming tool, Now this also was a very great inoonvenienoe, 
since for fine work the tool requires to be guided with very 
oare to prevent injury to the work, and for large work it is 
necessary to hold the tool firmly on the rest to prevent its being 
violently jerked out of the workman’s hand. 

One very obvious plan of relieving the hind would be tiiat of 
lengthening the puB&grrope to bring it down to the wmhanaa’s 
Amt, and there famishing it with a kind of sidrmp or pedal. 
This would be quite as eaay to drite as the last, and it is plain 
the foot is as oompetsnt as the hand to pedodioally draw down 
the cord, besides being much more poweribA 

Another plan is that of removing the pidley and its axis from 
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ih«fr jfltm oreiiliMd, aad plaomg them vadernoaih «Im Uthe 
beavert, with winoh-lumdle projeotizig beyond the left-head 
ebd of the li4ihe^ppcnii. Then by hangings » long lerer on to 
the winidi^haQdle to eenre m a treadle, toe aile and its pulley 
Qonld be rotated aa before with the foot, thne leaving the hand 
free. ^Che lathe-epindle in this arrangement, as in the last, ia 
driven from toe large pnUey by a oord, whito may be either 
croaaed or not, aa ia moat convenient under toe oironmatanoea of 
driidng. The lathe illustrated in Fig. 6 toowa this last arrange- 
ment somewhat modified to render it more conveniently 
actuated* 

For light lathes, where steam or other external motive power 
cannot be obtained, the oronk and fly-wheel are almoat always 
niod to obtain the neoeaaary motion, and in anbstantially toe 
manner shown in the last figure. By this meohaniam the 
rotation ia oontinuona ; it ia aa easy to drive in one direotion aa 
another ; the speed and power may be easily regulated witoto 
certain limits by merely treading with the foot fi^r or slower, 
harder or softer ^ and both hands of the tumor are free to be 
used in the more delioate operation of cutting the work into 
shape. This division of labour is also more in oonsonanoe with 
onr idm of the fitness of things, for althongh in Eastern 
oonntries the foot is used to guide and steady the tool whilst the 
hand causes the work to rotate, it may neverthelesa be con- 
sidered that the guiding 
power is more difficult |rT|] 

of attainment than the | 

inoTing power, and tliat rTH OlMSfc. ^ 


bUOlU 1^ J I , y 

adapted for toe former, I 

and the foot for the latter. “ 

In practice also the 

csrank and treadle leave r-^ 

very little to be desired. 

No doubt, to the beginner, 
who generally persists in 

treading at the wrong time, ■ ■ ■■■ — - i » — 

or when the crank is in the 
wrong position, the diffi- 
culty of regularly treading 
appears to be very great, 
and consequently an even 
motion of his work im- 
possible to attain. The 

greatest difficulty, how- D® ^ C 

ever, ia to prevent the \V/y/ 

body swaying a little with HI 

the motion of the foot, _ ^ 

and the tool from follow- l 1 I 

ing toe movement of toe 

body. Many turners never U 

learn to tread with the leg 

only. But, as a rule, all these diffioulties vanish with praotioe, 
and toe tools can be held as steadily and guided as surely 
when treading as when not treading. Nevertheless, it is usual 
amongst certain olassea of turners to employ a baok-xest, or 
support for the book. This rest consists simply of a long piece 
of board placed flatwise from end to end of the lathe at the 
turner’s back, to receive toe outward pressure of the back, 
and prevent its motion whilst the treadle is being forced down- 
wards. There is no doubt this back-rest is a support and an 
assistance to the turner when turning heavy work, as at such 
times the force required to press the treadle downwards is 
oontdderabls ; but generally its aid can be dispensed with, 
without inconvenience. So also for light work, the tendency 
to nnstead(nes8 can be lessened by reducing the throw ci 
toe crank and^ the lift of the trea^ ; and an arrangement 
allowing the distance of toe orank-pin from toe centre of the 
shaft to be adjusted as required is more often applied, and 
more useful, than a baok-rest, ^tbongh the majority of tamers 
use neitomf expedient. 

I eannot pretend to say that the course I have described has 
been the one pre<diely followed by the march of improvement ; 
and numberless modifioations have also been made in toe lathe, 
to which toe limits of my space prevent reference. But the 
various sti^ of Inprovement here indicated are snoh as appear 
with most probability to have been ti^en, and it will be seen 
that the applioatom of the orank and fly-wheel to the lathe— 


oertsinly one of the most valuable additions ever made to it — 
may have been led up to very gradually, and so imperceptibly, 
that its use may not have appeared a very great improvement 
upon existing methods of deriving the necessary motion. 

Fig. 7 shows toe hand-turner’s lathe in its modem form. With 
toe exoeptom of toe treaffie-board o, and tool-shelf t, it k 
oonstmoted ontMy of metal; toe bed or bearers being cast- 
iron, aoonndnly pli^ mpon its upper face and inside edges, so 
that toe pdpp^ or headstooka xnay, in the first place, be set 
aoonrately in line with each other, and be moved along the bed 
without interfering with this aoonracy. The poppet carrying 
toe screw and the tcol-rest holder are easily fixed in position by a 
turn of toe screws underneath, and toe rest-holder may be fixed 
at any convenient dUtanoefrom the work, and at any oonvenient 
angle ; also the rest, or T aa it is frequently termed, may be raised 
or lowered in the socket of the holder so as to ^low of the 
cutting edge of the tool being brought into suitable position for 
operating upon the materials. The orank-shaft should be turned 
throughout its length, and he aoonrately mounted between the 
two supporting oentr^ as shown. These centres are made of 
steel and hardened at the points ; the ends of the crank-shaft are 
also hardened, so that the two bearing surfaces being hardened, 

^ and moreover very smoothly turned, the friction is almost 
I nothing, and the wear of toe points very little. They, of oonrse, 

require to be oocasionally 
oiled to prevent abrasion, 
and it is inadvisable to 
screw toem up very tight, 
_ . but preferable to give the 

shaft a little “play** 
rather than otherwise. 
The treadle -board and 
levers are also supported 
in much the same way be- 
tween two centre-points 
with a screw-thread cut 
upon them, and look-nnts 
for preventing any motion 
of too serows from the 
friction ; and the link join- 
ing the treadle to the crank 
is formed with a pin-joint 
at the bottom, and a flat 
hook at the top where it 
rests upon the crank. 
This hook form of con- 
nection is adopted in 
order that, should the ope- 

— rator inadvertently place 

his ' foot nndemeato the 
treadle-board, it may not 
be crushed by the momen- 
tum of toe fly-wheel, but that as the board reaches the obstruc- 
tion it may unhook itself from the crank, whilst allowing the 
orank-shaft to rotate unimpeded and alone. The flat form is 
also given to the top part of the connecting-rod hook, for toe 
objeot of obtaining larger bearing surface for it upon toe orank, 
and of reducing the wear. This arrangement of the treadle 
and orank-shaft is very simple, and is probably oftener used 
, than any other ; but in many lathes, with a view of reducing 
toe friction to' a minimum, the orank-shaft and fly-wheel l 
mounted upon frietjon rollers instead of between pointo, and 
a flat toain is used to connect the crank and treadle, instead 
of a rigid Unk. The advantages possessed by these alternate 
arrangements are not very oonsiderable, nor do they require 
to be specially illustrated, but lathes embodying these expedients 
will be described hereof^. The fly-wheel of this latW serves 
as the main driving-pnlley, being furnished on its edges with a 
seritt of deep V-groovee, for oi^xying a round driving-gut i 
sbewn. There are three sets of grooves on toe free of this 
wheel, and in order that any set may be brought immediatelj 
underneath the corresponding grooves in the lathe-ptdlsy, as 
arrangement is made for shifting toe fly-wheel upon the shaft, 
and frstening it in either of toe required positions. These 
various sets of grooves are very convenient, being neoessazy 
for obtaining greater variation in toe speed of the* work than 
OMi be got by treading faster or slower, or V toe single ^ oi 
grooves. It must be observed that each set (^ grooves oonsistB oi 
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four ; in enoh «et the diuneteri of the grooves 4eoreMe towards . relation to the grooves of the lathe^spindk paUej, ^ 9 ^ ^e got 
the right hand in a regular manner, whilst the diameters of the belonging to t£it set of grooves runs etioally well i^Km any 
oorresponding grooves out in the latbcHpnUey increase in the | corresponding peir. It is* a nsnSl practioe, inshiad of having 
same manner towards the right hand, ^e proportions <d these | three separate gate, to have one gnt fitting the emaUeet set of 
varioos diameters mnst be suoh that the same giit«baad shall j grooves, and to have two short leagtheiiing i^epes of dSfi^rent 
be equally tight when running np<m any oorreeponding pair of lengths, the shortest of Vr^hioh, being hooked on to the main gut, 
grooves. Supposing the foot is moved up and down one makes it long enough for the next l^est set of grooves, and the 
hundred t:<no8 per minute, in vfhich case the orank-shaft and longest leng&ening piece being hodcedoainstead of toother, the 
fly-wheel will rotate one hundred times also per minute, and we gnt becomes long enough to run upon the lariat set of grooves, 
are turning some small work requiring the fittest speed we can The spindle of this lathe is made steel ; it has one bew^g 
obtain ; then the gut-band mnst be plaoed upon the extreme only, in the front end of the headstock, and its left-hand end 
left-hand or largest groove of the drivi^wheel, and upon the is supported by a centre-point formed upon the end of a steel 
extreme left-hand or smallest groove of the lathe-pulley. With screw passing through headstocdi, and having a look-nut to 



the band in this position, and with a 86-inoh driving-wheel and * prevent movement. The front bearing is lu-the form of a 
a «-uoh groove on the lathe-pulley, the speed of the lathe- | frustrum of a (xme, taking its hewing not in the oast iron of 
spin<ue and workwmud be about 1,500 rotations per i^nute, j the headstookenrpoppet, but in an aocnrately made and hardened 
which IS a very nsefol speed. Should this speed be rather socket, carefully fltt^ into the metal of the poppet, a small 
J ahift^ on to the next pair of groeves, or hole being drilled down through the metal of the headstock and 

to tim third or foiurth pair if necessary. Beyond this no further the hard socket forming the bearing, to allow a few* drops of 
reduotioa can be made by this set of grooves ; but by using a oil being oooasionally applied to the rubbing snrfimes. In this 
ptt-band, and shifting the driving-wheel upon the form of bearing with a bimk^centre snpport, it is essential timt 
shaft, M to bring the next set of grooves underneath the the bearing surfaces should be very accurately formed* oareftdly 
oormpon^ng grooves of the lathe-pulley, we have four more hardened, and ground to a good beai^g by the use of a little 
variation m qaeed. By u^ug a still shorter gut, and bringing emery and oil a&er ^ hardming proc^, and with all the work- 
the smaiM set of grooves on the driving-wheel under the lathe- iug parts in proper place. It is also necessary that the screw 
the^m^ is sW further rednoed, and we get four more forming the Tsitok support should ^ out careftilly in the lathCf 
vanatlons m the speed of the work* so as to be as true • as noadblei as if the thread be ** untrue ** cr 

In ci grooves, it is obvious that three ** drunken "the centre line of the lathe^spindle will be dhqidaeed 

**?**J!i*!?*^* ^ driving gnt are^required, one length for each each time the screw Is turned round for the purpoee of teldng 
•et ; but the four grooves of eudh eet are so proportioiied in up the wear. And even when every preoen^ ie taken* this 
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disarmnlmBAt pf ^ oentre line ooom tihzoiigli weight ef 
the iiiixime aad its ptiUej, and the downward pull of the gnt, 
oansing an imeqaal wear of the oentre-point For this and for 
other reaeoni, another solid bearing is freqnentbr provided for 
the lathe^spindle instead of the oentre«>point ; bnt perhaps for 
simple hand-tool lathes the oenke-podnt support is as good as 
any. The tool-rest and holdw will be nnderst^ without farther 
desoription, but the left-hand poppet is of a somewhat puzzling 
eonstrootiont at any rate to the ordinary reader. In order, 
therefore, to make the arrangement of this mid other parts as 
plain as possible, I have given in tHg. 8 a seotional elevation 
of the entire lathe, whioh shows the oonstmotion of almost every 
important part of it. From this seotionaL view it will be seen 
that, instead ctf the right-hand oentre-point being formed npon 


cylinder, and the latter is drawn into the hole of the poppet- 
head. By moving the hand-wheel and sorewed spindle in the 
contrary direction, the oylinder is forced outwits, and the 
oentre-point iforoed into the end of the work to whioh it has to 
! act at a si^p^. In using ^ lathe, tiie praotioe is first to 
j loose ‘ the holding-down sorew of the poppet, poll the whole 
poppet along the bed nntil the oentre^pc^t is against the work, 
then fasten down the poppet by tightening the nut of the 
I holding-down sorew so as to prevent the poppet moving, and 
j foroe tho oentre-point into the wood or other matorial, by meauo 
j of the hand-wheel and the foroing sorew of the poppet. 

I In nsing the lathe, the steel oentre-point npon w^h the work 
rotates will gradual^ wear blnnt, and this will be espeoially the 
I ease if muoh metal be turned to the lathe, and the bearing 



the end of a sorewed oylinder, whioh require! taming round to 
advanoe it, and to foroe the point into toe wood to be tnmed, 
toe oentre-point is formed of a small independent pieoe of steel, 
hardened and Iqmied with a sorewed shank, by whioh it is 
sorewed into, and oaused to form a part of, toe ph^ cylinder of 
toe poppet-head. This ifiato oyltow is aoenrate)^ tmed, ^d 
toe ix>ppet-head is as aoourately bored ont to reoeive it ; the 
cylinder havtog.to slide freely, hit without shaking, into toe hole 
of toe head. The oylinder is bored toroughout its length, and 
at its inner extremity it is furnished wito an internal sorew- 
toread or nui The poppetdiead is also bored toroughout, and 
at its right-hand end a socket, with a small central screwed 
' apindk and hand-nrheel, is fitted into toe hole, as will be seen in 
toe seotional IHnstration. The toread or sorew cut upon this 
small oen^ ipindle oonesponde with toe internal eorew of 
' toe qyfiiite, so l^ bT Jneans of toe band-wbeel, both cylinder 
end s{diidle beingin pkoe, by tuxninf rotoid ike screw in tim right 
d^eoton, the sorewed spifidle engagee with the sorew of toe 


surfaces of the point and the work be allowed to get dry. ‘When 
therefore, from wear or aooident, the centre gets too bhint to act 
properly, it can be unscrewed, removed from the oylinder, and a 
fresh substituted for it. The blnnt centre can be annealed 
or ** let down and turned and hardened afresh, when it may 1 m 
used again. The projeoting end or nose of toe latoe-spindle is 
also furnished wito a screw-thread of the same ase ae that of 
toe oylinder of the other poppet, so that these small steel oentres 
will fit toe two holes in common, and a blnnt centre is Te-tumed 
in position, by simply screwing it into toe centre hole of too 
latoe-spindle, and applying the tools to it as toe spindle rotates. 
The nose of the lathe-spindle is also fumisl^ with an external 
thread or screw, for the purpose of enabling the various chuoka 
or drivers, used for holding and oommunioating motom to the 
work, to be attached to it. Ilie iUustmtion shows the lathe 
arranged for metel turning, wito a oentre-point in both spindles, 
with toe work in position between them, and an ordinary driving- 
plate on toe exteo^ thread of the ^pindle-noee. 
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CPEMISTEY OF THE FINE AETS,—I. 

By A. H. CstTBOM, 1C.A.* FMffMor at Gbtutefacy, Bcgral Aoftdtiay. 

INTEOBUCTIOW — aSIKDINa AKB WASHIKO PIOJtlHTB— A nount 
AKD XODXBK FIGltlKTS — XBLATXON OV OKSXXBTBT TO 
ABT— WBZTB F1GXBNT8: W HIT B LEAD, ZIKO WXZTB, 
WBinNO, OTPSUX, BABTTA WRTTB. 

If the ArtiBta of olAiaio end medicnral ihnee posseeied a xnoxe 
limited range of pigmenti than that which ia at the diepoial of 
modem paintere, it ia yet quite certain that they took more 
interest in the preparation of the materiala of the^ art, and in 
the jndioiona employment of them. Onr knowledge of ancient 
pigments ia not indeed rery aoeoxate or Tery e:i^naiye, but, 
nevortheleas, we may find a good deal of information on this 
interesting anbjeot in several ancient writers, anoh as Yits^vina 
and Pliny the Elder. The actoal chemical examination of 
ancient pigments and paintings has farther added to onr know- 
ledge, and oondnsively proved how largely the treasnres of the 
mineral kmgdom were ransacked for the adce of the variety of 
coloured prodncta which they may be made to yidd. Many 
vegetable and some animal subatanoeB were likewise used as 
pi^ents by Greek and Boman artists. But there is one thing 
which is rendered evident in the coarse of the investigation d 
this sabject, and that is the extraordinary care which andent 
painters exercised in the selection and preparation of their 
colours. Thqy were not satisfied with a red powder simply 
because it was furnished to them under the name of rubrica, but 
they distinguished numerous kinds of this rubrica, our red ochre, 
according to the country whence it came, or the subsequent 
treatment which it recdved. So, too, wi^ the four kinds of 
white pigments used by the ancient Greeks ; these fetched very 
different prices, and were esteemed very variously, according to 
their quality and usefulness. One of the best proofs of the effi- 
cacy of a careful and judicious selection and preparation of 
pigments is to be found in the state of preservation in which 
some of the ancient pictorial and decorative works of Boman 
artists exist at the present moment. Wo might have chosen 
illustrations of the fact to which we now refer from other 
countries besides Italy, and from far more ancient examples of 
the use of pigments ; but if many of the coloured materMs em- 
ployed in Pompeii have retained their hues practically unim- 
paii^ for nearly 2,000 years, we may rest content with this 
proof of durability. In speaking, farther on, of the various 
pigments now in use, we shall describe those employed by the 
ancient artists where they have stood the test of time. 

It will be advisable here to say a few words as to the practice 
of the painters of the Middle Ages, and of the Benaissance, so 
far, at least, as their treatment and use of pigments are con- 
cerned. On these points we possess a large amount of informa- 
tion, not only that contained in the treatises of Cezmini and 
Vasari, and in many curious manuscript works, but also that 
drawn from the examination of the pictures and illuminated 
books which the artists of the Gothic and Benaissance periods 
have left us. We cannot but be struck by the fineness of 
texture and the completeness of the purification which the pig- 
ments of the periods alluded to exhibit. No directions are more 
peremptory than those given by Cennini for the thorough grind- 
ing and washing of colours, and, in truth, no directions were 
then or are now more important. ** Grind the black,” says 
Cennini, *‘for half an hour or an hour, or as much as you 
please ; but know that if you were to grind it for a year it would 
be blacker and better in tint.” Again, speaking of vermilion, 
the same writer says, ” If you were to grind it for twenty years 
it would still be better.” But some pigments, such as smalt 
and malachite, were well known to be injured in hue or 
weakened in -tone by excessive grinding, and so Cennini gives 
his readers special cautions on this po^t. Nor were the pro- 
cesses of washing and elutriation invariably employed for the 
further preparation of pigments ; some colours are too soluble 
and others too impalpaUe to admit of this treatment. But with 
many pigments the plan of ” washing over” recommended by 
the old illuminators and limners is stiU pursued with suooesa. 
Although the ratumaXe of this process was ill understood, it 
really served to purify Hie pigments submitted to treatment; 
it washed away soluble matter and saline impurities which were 
dissolved in the water nsed. More than this, however, wm 
accomplished, and not only could coarse and heavy paztideB 
(whether of the pigment itself or of foreign matters) be sepa- 


rated from the finer psrtioles, but the finer porriona^themsdlvee 
might be separated into seve^ degrees of fineness. A Scum or 
film, too, of light impuritiet or of very psle-oolonred particles, 
often appeared at the top of tbe xnixtm of colour and water, 
and this could be thrown away. Yet ISkd idea that this scorn 
was a foreign body, and not g^enilly ^ very pigment itself 
im a state of most fine divirioh, was certainly erroneous ; for 
the very purest coloured chemioid oosupounds will often yield 
Buoh a scum when finely ground and then allowed to settle in 
wrater. The more transparent the substance, the more hkely is 
this to be the case. Thus, the light which in a crystal of Uue 
vitriol has to pass and repass through its substance, and so 
becomes deeply and purely blue, when it fdls upon the same 
crystal in fine powder, plunges to bnt a small depth from the 
BT^aoe, and is chiefly irregnlarly dispersed as white light but 
little altered in hue. Exactly the same thing may be notioed in 
the case of smalt, which is made from a cobalt-blue gloss, so 
deep in colour os to appear block when unground. 

^e importance of the old method of washing over ” pig- 
ments, and its general applicability, will justify us in inserting 
here an account of the way in which the process was conducted, 
together with such modifications as have been found useful. 
The first step is to place the pigment in a large mortar, and 
add to it sufficient water to xuoisten it. It ie then gently 
rubbed with the pestle till it has acquired the consistency 
of thick cream. Colonrs which have been previonsly gronnd 
in oil or turpentine may require the addition of a little ox-gall 
or other alkaline substance, in order to render them perfe^y 
miscible with the water, which itself should be as clean as pos- 
sible, and either rain or distilled water. Some colours, too, 
which settle very quickly, may need pure gum-water, or puro 
syrup, instead of plain water, during the earlier operarions 
of ” washing over.” Supposing, then, that the pigment has 
been brought with suitable precaution to the Condition referred 
to above, as of the consistency of cream, it is next transferred 
to a basin (A), stirred up with a large quantity of pure water, 
allowed to stand a snffioient time for the gi^eat bulk of the 
oolonred partioles to subside, and then the liquid part of it 
poured or siphoned off into another vessel. An examination of 
the matter whioh is ultimately deposited from this wash-water 
must decide whether it should be rejected or preserved for use ; 
the older writers are unanimous in directing it to be thrown 
away. The remaining pigment (in vessel A) is to be well stirred 
in fresh water, and only the larger and coarser partioles allowed 
to settle, before the o^onred water, in whioh the whole of the 
finer pariioles are still suspended, is poured off into another 
vessel whioh we will call B. The residue left behind in the first 
vessel being generally trifling in quantity, and of coarse quality, 
need not be here further considered, so ^at we may pass on to 
the subsequent steps in the treatment of the deposit whioh will 
ultimately take in the second vessel, B. This deposit is 
treated several times exactly as previously described, the wash- 
I waters being poured off, allowed to settle, and then the deposit 
thus obtained again stirred np with water and wariied. Each 
washing will carry off a finer quality of pigment from each suo- 
oessive residue; and it only remains to dry each of the final 
deposits from the several wash-waters by exposing them to a 
gentle heat and a current of air. For small operations of the 
kind just described, and where very choice colours are oonoehied, 
the apparatus employed in the analysis of clays and soils may be 
I used. An effective form is that derigned by Nobel. It consists 
of several pear-shaped glass vessels, so arranged that the top 
of one vessel is in oommunioation with the bottom of the next. 
Into the highest and smallest vessel, containing the pi^ent, a 
stream of water, at an uniform rate and pressure, is conducted, 
the water entering at the bottom, and flowing out, laden with 
odouzed partioles, at the top. Hence a tube conducts it into 
the bottom of vessel No. 2, whioh is of larger size. Finally, 
passbig through two other vessels, whioh are of still lar^^r 
dimensionB, it reaches the final reservoir, which hi capable of 
ooniaining the whole of the wash-waters. After the passage of 
sufficient water, the liquid in each vessel is allowed to settle, 
and the several deposits ooUectad and dried. That siatnrial 
whioh has travelled farthest in suspension, and has reached the 
largest vessel, will be found to he d the finest quality.' Mbdifi- 
oatioBs tMs plan may.eaeily he devised, but it answers best 
when the directions 6f Ndbd are tteieUy adhered to, espedally 
as to Ihe capacity of the successive reoriTers, whioh should ht 
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M the nmnberi 1 1 8 : 27 ; 64. Of oouree the rate of flow and 
presenre nuist be adapted to the pariioolar pig^nt to be waahed. 
A rough but imngqi>le ^utriator may be made with a tall aie-glaee, 
a long-aeoked fnsael, a large baein, and a kr^^ jar of water with 
a tap. eubetanoe to be waahed is olaoed in the giaaa, which 
is th^ placed in the basin and flUed up with water. A steady 
stream of water is made to flow from the reserroir, through 
the long Ihnnel, en to the oolbor, the strength and height of the 
stream being so adjusted in each experiment as to carry off only 
those flner particles of the oolonr which it is desired to collect. 
Jhese will be fonnd at the end of the experiment in the basin, 
which haa been placed so as to oatdi tlm coloured overflow of 
the glass. 

B^re entering into precise details concerning the chemical 
merits and demerits of the pigments to which we shall refer in 
this and the suooeeding papers, it may not be out of place to 
assure our readers that Chemistry has not yet render^ to the 
fine arts a tithe of that service which may be expected of her. 
It does not sutfioe for the chemist to present art with new and 
attractive pigments and dyes, each one more brilliant than the 
last, and ranging through hues far more numerous than those 
of ^e rainbow. The chemist must present these materials in 
an available form, and with a confident assurance, based on 
, exhaustive experiments, of their thorough permanence. More 
than this, he must show how to bring to the utmost beauty and 
durability those approved paints which have loUg been in use, 
and then he must ft^thor explain those conditions of permanence 
which affeot the oils, varnishes, grounds, and the other materials 
of art. The chemistry of the numerous processes of painting, 
ancient and modem, may next engage the attention of the 
chemist. He ought to throw light also upon important points 
connected with the conservation and restoration of pictures, and 
with the materials employed by the arohitect and sculptor. We 
hope to have something serviceable to say, on all these points, 
in the present Mties of lessons on Chemistry as applied to the 
Fine Arts. 

Beginning with pigments, our remarks on them may naturally 
commence with those which are used by the painter to represent 
white. Amongst these, white lead stands in the first place, by 
reason of its remarkable density and ** covering power. Of 
course, it is by no means a perfect white, so far as permanency 
is concerned. Like most compounds of lead, it may be blackened 
or darkened by sulphuretted hydrogen ; and as it slowly oombines 
with a part of the oil with wMoh it is mixed in oil-painting, it is 
liable to become somewhat translucent in course of time, and to 
lose a little of that opaque body which is its chief merit. But, 
on the other hand, the defects of white lead have been exagge- 
rated. In a lecture given before the Society of Arts * it was 
stated that the blackening aorion of the sulphur-oompounds in 
the air upon white lead might be shown by mixing some of this 
white wi^ oil, and submitting the freah mixture to the action of 
hydro-sulphuric acid gas. But this experiment is not a fair one, 
sinoe it is notorious that linseed and other fixed oils have a 
remarkable power, when fresh and liquid, of absorbing Ibis 
sulphur compound, and conveying it to the lead or other pig- 
ments with which l^ey are mix^. As this power is lost when 
the oil becomes dry or resinified, a test of this kind is quite 
fallaoiouB, the fact being that white lead ground in oil can be 
thus preserved almost completely from sulp^ration, even in the 
air of towns. Nor is the fact of the parW combination which 
ensues between the white lead and the oil without advantage, 
for in this way the oil hardens more rapidly, and forms a more 
adherent and homogeneous whole with the ground, the other 
pigments, and the painting-medium. Then, too, this oombina- 
tion need sot take place to any considerable extent, for it is 
quite possible to replaoe the oil wholly or partially by other and 
more inert matexials. It is not, however, to be denied that on 
the grounds before alluded to, and on aooount also of the 
poisonous t nature of white lead, an effective substitute for 
this pigment would prove a desirable addition to the palette of 
the ar&t. 

White lead is a variable compound of the oarbonate and 
hydrate of this metal ; it may be purified by grinding, and long- 


• «* JFooaMd of the Sodsly of Arts,** 1891, Tdi. XXZ., pp. 128, 128. 

t Driake ocatahilng a little sulj^iario acid esgndss a remarkable 
efbot in ptefenting or alletiating ^ symptoms of lead-polsonlng in 
workmen of white-lead faotodes. 


continued washing, from any basio acetate present. It is of the 
greatest importance to the purity of the white of the pigment 
that it should be madet from thoroughly purified metaUio lead ; 

I the presence of oopper, silver, and some other metals, com- 
I monly ooourring in lead, interferes seriously with the quality of 
the product. But intentional adulterations of white lead are 
ooostantiy practised, the material employed as the adulterant 
being genei^y finely-ground barytes or heavy-spar, the barium 
sulphate. No. 1, 1^ white, or Krems white, is usually, pure 
white lead ; No. 2, or Venetian white, contains 50 per cent, of 
white lead only; No. 8, or Hamburg white, contains 83 parts in 
100 of whit3 lead ; and No. 4, or Dutch white, no more than 24. 
When white lead has been used with bai;j^B, the fraud is 
detected by boiling the pigment with dilute nitric acid, which 
leaves the barytes undissolved. When whiting has been used, 
there will be no residue when the sample has been boiled in 
nitric aoid ; but if the lead be removed from this solution by 
hydro-Bulphurio add, the liquid filtered from this blpck pre- 
cipitate give an abundant white deposit, on the addition of 
ammonium oxalate to it. White lead adulterated with whiting 
is muoh less dense and heavy than pure white lead. Other 
substances occasionally used to adulterate white lead are lead* 
sulphate, chalk, oalo spar, gypsum, and china olay. The partial 
insolubility of aJl of these, except chalk and oalo spar, in boiling 
dilute nitrio aoid affords a means for detecting their presenoe. 
When white lead has been thoroughly ground and washed, and 
so far dried as to contain but a small per-oentage of moisture, it 
may be improved in quality as an artists* pigment by being 
submitted to a considerable pressure in a lever, screw, ot 
hydraulic press. Many other paints, naturally endowed with 
less opacity and body l^n white load, are still more strikingly 
improved and enriched by this treatment. Before passing to 
the consideration of other white paints, it may be stated, that 
the white lead in fresoo and tempera pictures, and mural deco- 
rations, which has stood the action of the purer ^and drier air 
of Italy, rapidly darkens when it is brought into the moist and 
less pure atmosphere of English towns. WThite lead demands 
in Great Britain a more efficient protection than tixe, eto., oan 
afford* 

Zino white is not a perfect substitute for white lead. It is 
not poisonous, it does not become disooloured by the action of 
volatile sulphur compounds, but it possesses 80 per cent, less 
covering power than white lead. It is, moreover, incapable of 
entering into combination with the oil mixed with it, being 
ohemio^y indifferent and insoluble, unlike white lead. Here 
lies, in fact, one point of inferiority to the latter paint, so that it 
requires the use of a powerful drier, such as manganese borate, 
to enable the zino white and oil to become dry. But, after all, 
the zino white remains an oxtranoons inert body in the oil, when 
resinified, and the oil never becomes thoroughly tough and hard ; 
it becomes friable, and peels and crumbles off the surface on 
which it is laid. With other than oleaginous media, it stands 
muoh more nearly on a par with lead white. Zino white is 
' prepared by burning, in a current of air, zino which ought to be 
quite free from oadminm, and collecting the product, which is 
zino oxide, in a series of chambers. The purest product ooUeots 
in the chamber farthest from the fire, the contents of the other 
chambers being mingled with some metallio zino, which has to 
be removed by wasb^g, or a repetition of the process of com* 
bustion. The freshly-prepared pure oxide should be submitted 
to hydrauKo pressure, and some degree of heat at tho same 
time. When pure, zino white is perfectly solublo in hydroohlorlc 
aoid, and does not effervesoe during solution. Heated on a^ 
piece of pororiain, it becomes yellow when hot, but reg^s its 
whiteness on cooling. Its use as a eubstitute for white lead 
was proposed as early as 1781, by Guyton Morveau. 

Various preparations of lime and its oarbonate may be used 
as white pigments. They possess but little body, imd are not 
generally well adapted for use in oil-painting, owing to the 
transluoenoy whioh they then acquire. For mural decoration, 

I several preparations of ume are of great value. The ptirit]r of the 
material, especially its freedom from saline matters and <wou^ 
substances, are of chief importanoe. The fine state of dmsion 
of the lime whites, and their compression, are matters whioh 
reqiuire special attention. Whiting, whitening* or levigated 

t For MX aoooont of the manitfaotiire ot white lead, see Bapport da 
Jury International, Exposition TTnivexseUe de 1865, Yd. L, pafe 581. 
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chalk, iB nearly pnre carbonate of lime, a oaloinm oarbonate. 
It wae the ohik white need bj the artiste of antiquity, and is 
still employed in mural painting. The purest burnt white 
marbld, some blaok marbles, and pure burnt limestone, form, 
when slaked in water, and oarefuUy ground and washed, a sub- 
stance which is at once a pigment and a material introduced into 
tho ground of works in fresco ; it is known as calcium hydrate. 
When a 6ne and pure sample of this has been obtained, it is 
bcHt to keep it in a wet state for some time before using, in 
closed jars. 

Gypsum and alabaster, which are hydrated sulphate of lime, 
or oaloium sulphate, and plaster of Pi^, which oonsuts of the 
same substanoe, partisUy dried, hare been used as paints, but 
they are of limited applumtion, and rather treacherous. 

Of barytes or barium sulphate, we hare before spoken, li is 

very abundant and cheap substonoe, and when pnre and finely 
ground is not without merit as a white pigment. It is not 
liable to change. It is best prepared artificially, by the mntnal 
action of solutions of a solnble snlphate, as that of sodium, and 
of barinm chloride. It requires, howerer, when thus made, 
long-continued washing with boiling water, in order to free it 
from saline matters. 

The ancient oolonrists possessed, besides white lead, which 
was not, howeTcr, Tory lai^ely used in pictures, seyerad white 
pigments which are not now employed. Amongst these may be 
named the ereia anuZoria, a pigment made from powdered white 
glass, and the African paractonitm, which appears to hare been 
a kind of white pipeok^y. 


TECHNICAL DRAWING.— .XLVIIl. 

GOTHIC STONEWORK. 

CONCISE SKETCH OF THE HISTOUT OF GOTHIC ABCHITSCTUBE. 

The title ‘*6k)thio” is genenJly understood in the present 
day to apply to that style of bulling in which the pointed arch 
is the most prominent, though not the only feature. 

The name has been so yariously applied by different authors 
that the confusion which has resulted renders it sometimes 
difiloult to define the class of buildings meant. 

The term ** Gothic ” appears to have been first brought into use 
by the Italians, who applied it tC all such buildings as were not 
•olassio in their character. It seems to haye been first used as a 
term of contempt, by Vasari, an Italian architect, who Hyed at 
the commencement of the sixteenth century, who, after speaking 
of the Greek orders, says, “ There is another kind called Gothic, 
which differs materially, both as to ornament and proportion, 
from any of modem or ancient date.*’ The next sentenoe shows 
how blinded even a great man may beoomc by prejudice : — “ So 
deficient is it in systematic rules, that it may be deemed the 
order of oonfusion and inconsistency. The portals of this de- 
aoription <rf buildings which has so much infested the world are 
adorned with slender columns entwined with vine-branches, and 
unequal to sustain the weight, however light, which is placed 
above them. Indeed, tho whole has an air of being made of 
pasteboard rather than of stone and marble. This style was in- 
vented by the Goths, who spread the contagion through Italy. 
May God deliver every country in future from the adoption of 
plans that, substituting deformity for beauty, are unworthy of 
further attention.*’ 

Amongst tho first writers who appear to have introduced the 
tern into England was Evelyn,* who says : ** Gothic arohiteoture 
is a oongestion of heai^, dark, melancholy, monkish piles, with- 
out ^y just proportion, art, or beauty ; ” and yet on another 
oocMion he describes it as a fantastiofd, light species of build- 
ing,’* thus showing how little appreciation he had of the oha- 
raetoristios of the style. 

Our own Sir Christopher Wren confirms the use of the term 
“ Gothic ” as one of contempt, for, after describing certain 
buildings as ** mountains of stone, vast, gigantic bnildingS) but 
not worthy the name of arohiteoture,” he says, ** This we now 
oall the 6k>thio manner.” 

“ The employment of tho term and its application,” says 
Mr. Kioholson, ” seem to have arisen from the idea enter- 
tained by the Italians that the style of building to which they 


^ Job# Brelyn, a distinguished author and tassreUer, bom in the 
year IttO, died in 1700, 


applied it was introduced by the Gtoths after their inonrsion 
into Italy.” 

But the Goths did not invent this or, indeed, any style* They 
had no arohiteoture of their own, and are not omy innooent (ff 
introduoing any new style into Italy, bnt more tinin timt, they 
do not seem to have caused any alteration in old. What 
changes did take place arose vexr naturally from ,the gradual 
decay of the previous styles, and the growth of lerii^ and 
sentiments wholly at varianoe irith the paganism to whi^ the 
greatest buildings in the ola ss ical style* bad been dedioated. 

In . investigating the origin of the name Gothic, we must re- 
member tiiat at the period of the revival of clsssieal arriiitectiire 
in England, the Pointed style had fallen into debasement, and its 
prinoipleB were but little appreoiatedor understood, andhenoe 
the desire to stigmatise it as barbarous. Sinoe then, however, 
the prejudice has ceased, and the taste for the dothio sfyle has 
revived, and thus men are anxious to dear it frimi any stigma 
which tile term may be thought to imply. Various other names 
have been given, but oertaiu objections, into which it is not 
here neoeaaary to enter, apply to eadi. We therefore retain the 
original name, as that moat gexierally used. 

historical development of tho system, as given in tiiese 
leasona, is baaed on the anthority of Mr. Biokman, to whose in- 
vestigations we owe BO much. The following is the classifioation 
adopted : — 

1. The Norman Stylot which prevailed from the time of William 
the Conqueror to the end of the reign of Henry II. (1066-1189), 
distinguished by its arohes being generally semi-ciroular, though 
someiknes pointed, with bold and rude ornaments. 

This style seems to have commenced before the Conquest, 
but we have no remams really known to be more than a few 
years older. 

2. The Early English Stifle^ reaching from 1189, the oom- 
menoement of the reign of ^ohard I.,t to the end of the reign 
of Edward I., in 1307, distingniahed by pointed 'ftrohes and long 
narrow windows, without muUions, and a peouliar ornament, 
which, from its supposed resemblanoe to the teeth of a shark 
or other animal, is generally called the ** toothed ” ornament. 

The reign of Edward I. (1272-1307) was the period of transi- 
tion from the Early English to tho Decorated style. Many of 
the buildings of this reign belong to the latter style ; for instanoe, 
the Eleanor orosses, whioh were all erected between 1290 and 
1300, and the style of whioh is clearly Decorated. | 

3. The Decorated Style^ reaching from 1307 to the end of the 
reign of Edward III., in 1377, and perhaps from ten to fifteen 
years longer. § 

This style is distinguished by its large windows, whioh have 
pointed arches divided by mullions, and the tracery forming 
oiroles and other geometrical figures, or flowing into graoeful 
ourves not running directly to the arch of the window. The 
gradual growth of these forms, whioh oonunenoed in the Early 
English period, will be traced as we progress. The ornaments 
of &ia period were numerous, and very delicately carved. 

4. The Perpendicular Style, existing from 1377 to 1546, ap- 
pears to have been in use, though much debased, as late as 1630 
or 1640, but only in additions. The latest complete building was 
probably erected in the reign of Henry VHI. The name clearly 
designates this style, for mnlUons of Ihe windows and the 
ornamental panellings ran in perpendioular lines, and form a 
complete distinction from the last style ; and many bnildings of 


t The reign of Biobard I. was the chief period of the transitiou from 
the Nonoan to the Early Enghah style. The ohaage began perhaps 
a little earlier in a few instances and continued a little later, some 
bnildings of the time of Elng John being of transition ohaiaoter. 

t The transition from the Early EngUsh to the Decorated style took 
place chiefly in the reign of Edward 1. The Eleanor crosses belong 
rather to the latter than the former style. 

§ In the latter part of the long reign of Edward HI. the transition 
from tho Decorated to the Perpendicular style began, and was almost 
completed by the time of the aooesslon of Biobard II. Some buildings 
of the Decorated style msj he found of his reign, but the works of 
William of Wykeham, Westminster HsB, and many other buildings of 
this period, are of very decided Perpendicular character. Perhaps one 
of the eariiest and best aothentioated examples of this taasition, 
showing a carious mixture of the two styles, is fiding^ Chnrdh, in 
Wiltshire, founded by Bishop William of BfilnEtoa, in ISSS, sad oon- 
seorsted in 1S61. The same bishop, who died in 1866, oommenoed the 
alteration of Win<dieeter Cathedral into the Ferpendfeukr s^la, whioh 
was continued by William ef iFyksbam. 
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this period are ao orowded with ornament as to destroy the 
beanfy of the design. The carvings are generaUj very deli- 
oately eseonted. 

Of British arohiteotnre before the Boman era we have no 
fiuthentlio aoepont ; It conaisteA .most likely, of huts and caves, 
such as generally foraot the habltatioim of uncivilised nations. ; 
The ruins of i^eir stupendous public edidces — such as Stone- 
henge— still remain to us. The Bomans, on their arrival, intro- ! 
duced in some degree their own architecture. Some few I 
specimens stiU remain, of which the gate at linooln is the only i 
one retainingits original use. Although some fine specimens of I 
workmanship have been occasionally found, yet by far the 
greater part of the I^man work was rude, and by no means 
comparable with ^e antiquities of Qteeoe and Itsly, although 
executed by the Bomans. 

When the Bomans left the island, it was most likely that the 
attempts of the Britons were still more rude ; and endeavouring* 
to imitate, but not executing on principle, the Boman worl^ 
their architecture became deba^ with Saxon and Early Norman, 
intermixed with ornaments, perhaps, brought in by t^ Danes. 

After the Conquest, the rich Norman barons erecting very 
magnificent castles and churches, the execution manifestly im- 
proved, though still with much similarity 'to the Boman mode 
debased ; but the introduction of shafts instead of massive piers 
first began to approach that lighter mode of building which, 
by the addition of the pointed arch, and by an increased 
delicacy of executioii and boldness of oonoepiion, ripened at 
the dose of the twelfth century into the simple yet beautiful 
Early English style. At the close of another century this style, 
from the alteration of its windows, by throwing them into large 
ones divided by muUions, introducing tracery in the heads of 
windows, and the general use of fiowered ornaments, together 
with an important alteration in the piers, became the Decorated 
English, which may be considered as the perfection of English 
Gothic. This was very difficult to execute, from its requiring 
flowing lines where straight ones were more easily oomblned ; and 
at the close of the fourteenth century we find the flowing Hues 
giving way to perpendicular and horizontal ones, the use of 
which continued to increase until the arches were almost lost in 
a obntinned aeries of panels which, in one building — the chapel 
of Henry VIl.— covert completely both the outside and inside, 
and the eye, fatigued by the oonstant repetition of small parts, 
sought in vain for the bold grandeur of design which had been so 
nobly oonspiouous in the preceding style. The Beformation 
appears to have put an end for the time to the erection of 
Gothic edifices, and thus the style became debased and almost 
entirely lost sight of. The square-panelled and mullioned 
window, with the wooden-ponell^ roofs and halls of the great 
houses of the time of Queen Elizabeth, seem rather a debased 
English than anything else ; but during the reign of her sue- 
oessor the Italian architecture was introduced, first only in 
columns of doors, and afterwards in larger portions ; and this 
style, which was only fully developed in the reign of James 1.; is 
sidll known as the ‘‘Elizabethan,’* and is considered as the 
English period of the “ Benaiasanoe ” or revival. 

Architeotnre has been said to be histo^ written in stone. 
This is partionlarly true in relation to Gothic ; for the sentiments 
and feeUngs of the time are peonliarly impressed on each section 
of the style. The masons or bnilders of one ago were wholly re- 
gardless of the plans, sentiments, or aims of ^eir predeoessora. 
“ In every ease,” says Mr. Womnm, ** where a gr^t eoolesiastioal 
work had been suspended, and renewed after intervals, those 
who have oarried on the enterprise have invariably done so 
regardless of the oharaoter of the work oliready executed. The 
practice of the day exolnsively defined the charabter of the work, 
as if the practical education of the handicraftsman, his acci- 
dental skill, were the paramount sonrces of the whole scheme 
and system of ornamental varietieB, each mason working out 
only snoh forms as hod occupied his time in the years of his 
apprenticeship.” 

The general chAraoteristios, then, of the Gothic as an archi- 
tectural style are these : — It is essentially pointed or vertical 
Iti its tendency, its details being for the most part geometrioAl, 
in its window tracery, in its openings^ in its dusters of shafts 
and bases, and In its suits of monldbigs ; but it is only geo- 
metrical in its oonstmotion, or its form — ^not in its Spirit or 
motive ; and at one pwiod, plants oopied directly from Nature 
were used in beanttfnl pn^iudom j 


Ornamentally, the Gothic is the geometrical and pointed 
element npeaM to its utmost. Its only peculiarities are its 
combinations of details, at first the conventional and geometrical 
prevailing, and afterwards these combined, with the elaboratlozi 
of natural objects in its decoration. Thus, in the finest Gothic 
specimens we find not only the tradittonsl oonvontional orna- 
ments, but, in the Decorated period, also elaborate imitations of 
the plants and flowers growing in the neighbourhood of the work. 
This is a |preat feature, but still the most striking point in all 
true Gothic work is the wonderful elaboration of geometric 
tracery, vesioas, trefoils, qnatrefoils, cinquefoils, with a variety 
of others which will be described and illustrated farther on. 
The Norman, and the latter period of that style which oon- 
stituted the transition to the Ei^ly English, cannot be considered 
M true Gbthio, and thus we find no tracery ifi ^em, whilst it 
is BO paramount a oharaoteristio of the other three styles i^t 
they may be distinguished exclusively by this feature. 


ELECTRICAL ENGINEERING.— XXX. 

BT BDWABD A. O’XUm, B.B., A.X.B.X., 

Demonstrator in Eleotriosl Engineering, City snd Qnilds of London 
Teohniosl CoUege, Blasbory. 

CLASSIFICATION OF ARC LAMP8~TKB SIEMENS 
DIFFEBENTIAL LAMP. 

In order that the amount of light given out by an arc lamp 
may not vary, it is essential that the amount of eleotrioaJ 
energy absorbed by the arc shall remain oonstant ; that is to 
say, the produot of the current passing and the X.X.F. between 
the electrodes must remain praotioauy constant. Both the 
.E.x.F. and current may vary, but provided their produot re- 
mains constant the energy absorbed is oonstant. The problem, 
therefore, which must bis solved, in order to get a steady light 
from an are, is to arrange some device by which this produot 
of B.1C.F. and ourrent shall be maintained constant within small 
limits. To completely control both these factors in any single 
lamp would be a difficult problem ; but fortunately in any ordi- 
nary system of eleotrio lighting it is not necessary to do so. 
The state of perfection to which the dynamo has been brought 
relieves us of one of these factors, which is controlled as per- 
fectly as is necessary by the dynamo, thus leaving but one 
factor to be dealt with by the mechanism of the lamp. 

The dynamo can be oonstruoted to supply a oonstant current 
to the lamps, no matter what reasonable change may take place 
in the oirouit ; in which case the mechanism of the lamps would 
only have to control the e.m.f. in the arc in order to ensure a 
ste^y light; or the dynamo can be oonstruoted to supply a 
constant x.m.f. to the mains which supply the lamps, when the 
mechanism would only have to deal ^h the ourrent passing 
through the arc. 

Adopting the method of olassifioation suggested by Professor 
SilvanuB Thompson, arc lamps may be divided into two distinct 
olasses, depending upon the manner in which the energy absorbed 
by the lamp is maintained constant. 

Class I. comprises all those lamps in which a steady ourrent 
is supplied by l^e dynamo, and the s.m.f. maintained constant 
by the feeding meohanism.of the lamp. 

Class II. oomprises all those lamps in which a steady x.m.f. 
is supplied by the dynamo, and the ourrent through the lamp 
maiutaiued constant by its controlling mechanism. 

Class I. might be called oonstant current, and Class II. 
oonstant potential lamps. 

In the Serrin lamp, described in the last chapter, the feed 
was regulated by the variations of the current in the main 
circuit. The whole of the main current was sent through a 
low-resistance electro-magnet, which continually attracted an 
armature attached to a piece of mechanism, which brong^ht 
the carbons together, or not, according as the attraction between 
I the electro-magnet and the armature was weak or strong. This 
force was b'alimoed against that of a spring, which oonld be 
adjusted to exert any desired puU. As the carbons aare burnt 
away the arc becomes long, and its resistanoe consequently 
•increases; the current then becomes less, the eleCtro-magnet 
becomes weak, and is unable id overcome the {mil of the 
spring; the parallelogram is now pnUad up by the spring, 
and tee feeding mechanism is brought into action. As the 
arc becomes shorter owing to tee feed, its resistance beoomea 
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less, ftnd the oarrent rises to its original strength. The 
electro-magnet will now hare regained snffioient strength to 
overcome the pull of the spring, the parallelogram will descend, 
and the feeding mechanism become looked. This c^ole of 
operations goes on continually while the lamp is working, the 
current in the main circuit varying regularly by small amounts 
as the length of the arc increases or dLnini^es. If a ourrent 
of uniform strength was sent through this lamp, it is clear 
that since the strength of the eleoim-magnet would remain 
unchanged the feeding mechanism could not come into play; 
the length of the arc would then increase as the carbons 
were consumed, till the distance between the points became 
too great for the current to pass across, when the arc would be 
extinguished and the circuit broken. Such an accident must 
happen when it is attempted to send a ourrent of uniform 
strength through such a lamp as the Serrin; and the same 
thing will occur in the case of every lamp whose feeding 
mechanism is worked solely by an electro-magnet placed in 
the main circuit. ^ 

The essential feature of a lamp designed for the purpose of 
running with constant current is the possession of a shunt- 
coil, usually of high resistance, through which a part of the 
ourrent which doM not pass through the arc always flows. 


5 



This principle is well illustrated in what is known as the 
Siemens differential lamp, a diagram of which is shown in 
Fig. 69. 

The current, on entering the lamp through the wire at l, 
splits into two parts ; one part flows round a thick copper wire 
solenoid of low resistance, r ; from that to the upper carbon- 
holder, a, through the arc, and leaves the lamp by the wire, Li ; 
the other portion of the ourrent flows through the high-resistance 
fine wire solenoid, T, and passes away through the wire, lij, 
without flowing through the arc. s Sj is a soft iron core sliding 
freely in both solenoid, and joined at its central point to the 
end of a lever, c Ci, which is pivoted at the point o, and capable 
of turning round it. The carbon-holder, a, though not rigidly 
attached to the lever at Cj, is, however, raised by it if the point 
Cj ascends. Let us suppose the carbons, g and h, not to be 
in contact before the ourrent flows, then the following action 
takes place : the ourrent is all forced through the solenoid, t, 
which consequently sucks up the soft iron core, 8 Si ; the end 
of the lever, Cj, is thus lowered, and the carbon-holder, a, is set 
free and descends till the carbons are brought into contact ; a 
second path is now formed for the current, which flows tlux>ugh 
the lower solenoid, Sj, and through the carbons. The lower 
solenoid is now more powerful thw the upper one, and the 
core, B B], is drawn down, the end of the lever, C), is tilted, and 
the carbon-holder, a, is raised. In this manner the arc is 
struck. Had the carbons been in contact before starting, the 
arc would have been struck by the lower solenoid before any 
appreciable part of the oarrent had droulated round the upper 
one. The core, 8 S], is thus acted upon by two forces pulling 
it in opposite direotions, and will therefore move in the direc- 
tion of that force which predominates. These forces depend 


on the eurrents flowing in the solenoids, and the currents them- 
selves depend upon the resistances in the two circuits. The 
resistance in the shunt-circuit is a fixed quantity, being the 
resistance of the upper solenoid ; but the resistance in the main 
oironit is made up of two quautitiee, namely, the resistance of 
the lower solenoid and the resistance of the are. The resist- 
ance of the are, which depends upon its length, is thus the 
only variable resistance in the lamp, and it is ^is factor which 
governs the proportion of the whole current which flows through 
each solenoid, and therefore governs the pnll which each solenoid 
exerts on the core. When tiie carbons bum away and tbo arc 
becomes too long, a larger proportion of currwt oiroulates round 
the upper solenoid ; t^ core is then pulled up, and the upper 
carbon allowed to descend till the arc has attained proper 
length, that is to say, its proper resistance. When this ooours 
the ourrent round the lower solenoid will have regained its 
proper strength, the core will return to its original position, 
and the upper oarbon-bolder will become looked. When the 
lamp is properly adjusted, this feeding operation goes on 
almost continuously, owing to the differential action of the 
solenoids, and the current passing 
through the lamp is praotioally the 
same at all times, though the fact 
that this current may vary owing to 
external causes does not seriously 
affect the good working of the lamp, 
sinoe, whatever the total current 
may be, the proportion which flows 
through each coil remains praotioally 
unchanged. The lamp can be ad- 
justed for the proper length of aro 
by lowering or raising the upper 
solenoid so as to make it exert more 
or less effect on the core. The core 
itself is attached to the piston of a 
litiJe air-pump, which makes it move 
slowly and uniformly, and prevents 
any flickering of the light, either 
owing to any sadden change in the 
ourrent or to the nse of an alternat- 
ing ourrent. 

Fig. 70 is an illustration of the 
lamp itself, s Sj is the soft iron 
core ; 9 is the positive carbon, show- 
ing the oup-shaped cavity at its 
point ; hf the pointed negative car- 
bon; azz is the positive carbon- 
holder, having teeth ont on one edge, 
which gear into a small ratchet- 
wheel attached to r r ; s is an es- 
capement attached to the little 
pendulum, mp; cdcjistho lever, 
pivoted at d, and attached at its 
outer end to the piece, 1. a a, which 
grips the oarbon-holder when the 
aro is the right length. When the 
aro gets too long the oore rises, the 
end Cl descends with AAA, and the 
holder desoends by its own weight. 

The descent of the holder turns the 
wheel, r r, which makes the pendu- 
lum oscillate, each oscillation setting 
free one tooth of the wheel, r r, so 
that the descent of the carlmn oan 

only take plaoe very slowly and very uniformly. The pendu- 
lum oan be stopped at the fifth part of any oscillation, thus 
giving an extremely small feed corresponding to a small tern- 
poriury variation in ourrent. 

The lower carbon is fixed, and the aro therefore does not 
remain in a fixed position, but desoends as the carbons get 
oonsnmed. When the upper bolder has desoended its full 
amount, it short-oircuits two platinum points by means of a 
cross'bwm whibh it carries and allows to fall across them ^ the 
lamp is thus out ont of drouit without interfering with any 
others that may be on the same line. 
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